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SECTION  I 


INTRODUCTION 


A.  GENERAL 

Electroplating  processes  employed  at  Air  Force  Logistics 
Command  Air  Logistics  Centers  (ALCs)  generate  wastewaters  that 
require  treatment  to  remove  cyanide,  toxic  metals,  and  oil  and 
grease  before  their  discharge  into  AF  sanitary  waste  treatment 
systems,  public-owned  treatment  works  (POTWs),  or  receiving 
streams.  The  pretreatment  processes  used  at  ALCs  concentrate 
most  of  the  pollutants  from  the  plating  operation  into  a  sludge. 
These  sludges  contain  toxic  metals  from  the  plating  operation 
and  chemicals  used  in  the  treatment  process.  The  U.S.  Environ¬ 
mental  Protection  Agency  (EPA)  has  classified  electroplating 
wastewater  treatment  sludges  as  hazardous  wastes  (Reference  1). 
As  such,  the  storage,  transportation,  and  disposal  of  these 
sludges  are  regulated  under  the  Resource  Conservation  and 
Recovery  Act  ( RCRA ) .  The  strict  regulation  of  these  sludges  has 
significantly  increased  the  overall  treatment  costs  of  electro¬ 
plating  wastes.  In  particular,  hauling/disposal  costs  have 
increased  from  $8  to  $15  per  ton  to  between  $58  and  $117  per  ton 
(Reference  2). 

Wastewater  treatment  sludgas  from  electroplating  are  classi¬ 
fied  as  hazardous  wastes  because  they  usually  contain  cadmium, 
chromium,  and  nickel.  These  metals  often  leach  from  sludges 
subjected  to  the  aqueous,  acidic  environments  found  in  many 
sanitary  landfills. 

To  determine  the  leachability  of  hazardous  wastes,  EPA  has 
adopted  a  test  procedure  to  simulate  conditions  of  disposal  in 
such  environments.  This  test  is  referred  to  as  the  Extraction 
Procedure  (EP).  During  the  test,  a  measured  sample  of  waste  is 
placed  in  distilled  water,  acid  is  added,  and  the  mixture 
is  agitated  for  24  hours.  The  aqueous  portion  of  the  mixture  is 
then  tested  for  toxic  constituents  to  determine  the  extent  of 
leaching.  The  results  of  the  analysis  are  then  compared  to  a 
set  of  standards  to  determine  if  the  sludge  leached  toxic 
amounts  of  metals. 

If  leachate  metal  concentrations  are  below  the  EPA  stand¬ 
ards,  the  sludge  may  be  reclassified  as  nonhazardous  if  the 
results  are  consistent,  with  a  reasonable  margin  of  safety. 
This  would  allow  the  generator  of  the  sludge  to  dispose  of  the 
waste  via  methods  approved  for  nonhazardous  wastes.  EPA  has 
set  forth  a  delisting  procedure  whereby  generators  of  sludges 
can  petition  for  this  reclassified  status. 


It  has  been  demonstrated  that  the  leachability  of  electro¬ 
plating  treatment  sludge  is  highly  variable  (Reference  1).  The 
major  factors  affecting  leaching  are  the  type  and  concentration 
of  metals  in  the  sludge,  the  amount  of  free  and  interstitial 
wastewater  present  in  the  sludge,  and  the  final  pH  of  the 
aqueous  solution  used  in  the  EP  test.  The  sludges  from  ALCs 
have  shown  a  tendency  to  leach  chromium  and  cadmium,  therefore 
disqualifying  them  from  delisting. 

The  major  focus  of  this  project  is  to  reduce  sludge  dis¬ 
posal  costs.  This  goal  can  be  achieved  by  use  of  treatment 
techniques  which  reduce  the  leachability  of  the  toxic  metal 
sludges  from  the  ALC  Industrial  Waste  Treatment  Plants  (IWTP)  to 
a  point  which  would  allow  ultimate  disposal  via  methods  approved 
for  nonhazardous  wastes  and  by  use  of  sludge  volume  reduction 
technologies. 

B.  PROJECT  SCOPE 

This  project  consisted  of  5  tasks  conducted  over  a  2-year 
period.  Task  I  was  a  comprehensive  literature  review  to  estab¬ 
lish  the  current  processes  for  removing  dissolved  metals  from 
industrial  wastewaters  and  subsequently  separating  these  metals 
from  mixed-metal  sludges.  In  Task  II  the  sludges  generated  at 
the  Air  Force  IWTPs  were  characterized  using  the  EP  test.  This 
provided  baseline  data  on  the  hazardous  nature  of  these  sludges. 
Task  III  focused  on  reducing  the  dry  weight  of  solids  generated 
during  the  metals  precipitation  process  by  investigating  innova¬ 
tive  precipitation  chemicals  and  methods.  Task  IV  was  to  de¬ 
velop  sludge  treatment  techniques  to  reduce  the  leachability 
of  toxic  metals.  In  addition,  a  portion  of  the  Task  IV  effort 
was  devoted  to  investigating  methods  of  separating  and  recover¬ 
ing  metals  from  the  mixed  metal  sludges.  Task  V  was  directed  at 
developing  basic  design  and  cost  data  for  prototype  systems  that 
employ  the  most  promising  methods  developed  under  Tasks  III  and 
IV. 

C.  EXPERIMENTAL  PROCEDURES 

Experiments  conducted  during  this  study  can  be  character¬ 
ized  as  bench-scale  tests.  Laboratory  equipment  was  used  to 
perform  precipitation  studies  and  to  simulate  other  treatment 
processes.  Actual  treatment  equipment  or  pilot-scale  units  were 
not  employed. 

The  experiments  were  conducted  with  both  contrived  and 
actual  wastes.  The  formulation  of  the  contrived  wastes  was 
based  on  data  from  analytical  tests  of  actual  wastewaters  and 
sludges  and  on  waste-stream  characterization  data  supplied  by 
the  five  ALCs.  The  contrived  wastewaters  were  prepared  using 
reagent  grade  chemicals  and  deionized  water. 
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TABLE  1 


AIR  FORCE  STUDY  CHEMICAL  AND  EQUIPMENT  LIST 


Chemicals 

Chromium  nitrate-Cr(NC>3)  3  .  9H20,  Certified  Fisher 
Cadmium  nitrate-Cd (N03 ) 2  •  4H20,  Mallinkrodt  Crystals 
Ferrous  sulf ate-FeSO^  .  7H20,  Certified  ACS  Fisher 
Nickel  nitrate-Ni (N03 ) 2  .  H20,  Fisher 
Cupric  sulf ate-CuSO^  .  5H20,  Certified  ACS  Fisher 
Sodium  Bicarbonate-NaHCO^,  Certified  ACS  Fisher 
NaOH-Certif ied  ACS  Electrolytic  Pellets,  Fisher 
CaO-Industrial  Grade,  Barrick  Hydrated  Lime 
NaBH4-Thiokol-Ventron,  12%  in  caustic 
Acetic  Acid-(Glacial )  99.7%,  Fisher 
Ammonium  Chloride-NH4Cl,  Certified  ACS  Fisher 

Equipment 

EP  Stirring  Apparatus  -  Dayton  0.1  HP,  AC-DC  Motor,  Model  2M037A 
connected  to  Staco  Type  3PN1010  Variable  Transformer  with 
Polypropylene  Stirring  Rod 

Phipps  &  Byrd  Six-Paddle  Stirrer-Model  300 

Millipore  Stainless  Steel  Hazardous  Waste  Pressure  Filtration 
Device,  Tef lon^-coated 

Perk  in-Elmer  Model  306  Atomic  Absorption  Spectrophotometer 
Fisher/Ainsworth  Model  2400  Top-loading  Balance 
Mettler  Model  H34  Analytical  Balance  (good  to  0.1  mg) 

Corning  Model  6104  pH  Meter 

Millipore  Type  HA  0.45  /m  (micron)  Methyl  Cellulose  Fiber 
Filters 

Millipore  Type  AP  Prefilter 

Nitrogen  Gas-Industrial  Grade,  Air  Products 

Cyanamid  Magnif loc® 836A  Flocculant 

Sludge  Barrel  -  Advanced  Chemical  Technology  Poly  Drum  - 
A10B  25  gallon 


SECTION  II 


ENABLING  REGULATIONS 


The  industrial  waste  treatment  operations  at  ALCs  are 
governed  by  both  wastewater  and  hazardous  waste  regulations. 
Present  wastewater  regulations  are  a  result  of  the  Clean  Water 
Act  of  1977  (Public  Law  92-217),  which  amended  the  Federal  Water 
Pollution  Control  Act  of  1972.  The  Clean  Water  Act  required 
industrial  waste  generators  to  install  base-level  pollution 
control  technology  by  July  1,  1977  and  more  stringent  treatment 
by  July  1,  1984.  The  base-level  technology  is  called  Best 
Practicable  Control  Technology  Currently  Available  (BPCTCA),  or 
simply  BPT.  The  more  stringent  level  was  termed  the  Best 
Available  Technology  Economically  Achievable  (BATEA)  and  is 
usually  referred  to  as  BAT.  By  1984,  EPA  must  also  develop 
limitations  for  conventional  pollutants,  i.e.,  pH,  total  sus¬ 
pended  solids  (TSS),  biochemical  oxygen  demand  (BOD),  chemical 
oxygen  demand  (COD),  and  oils  and  greases.  These  limitations 
are  to  be  based  on  the  Best  Conventional  Pollutant  Control 
Technology  Available  (BCPCTA),  or  simply  BCT.  Both  BPT  and  BAT 
regulations  have  been  developed  by  EPA  on  an  industry-by- 
industry  basis.  The  industrial  regulations  most  applicable  to 
ALC  activities  are  the  metal-finishing  regulations.  For  this 
industry,  BPT  and  BAT  regulations  are  identical  (Table  2). 


TABLE  2.  BPT  AND  BAT  EFFLUENT  REGULATIONS* 


Pollutant 


Maximum  for 
Any  1  Day 
_ mq/1 


Average  of  daily 
Values  for  30  Consecutive 
Days  (mq/1) _ 


Cadmium 

Chromium  (Total) 

Copper 

Lead 

Nickel 

S  i  1  ve  r 

Zinc 

Cyanide 

Total  Toxic  Organics 


0.69 

0.26 

2.77 

1.71 

3.38 

2.07 

0.69 

0.43 

3.98 

2.38 

0.43 

0.24 

2.61 

1.48 

1.20 

0.65 

2.13 

— 

Although  the  BPT  and  BAT  standards  were  intended  for 
national  compliance,  regardless  of  location,  they  are  actually 
minimum  standards.  If  the  BPT  pollution  control  techniques  are 
inadequate  to  meet  the  established  water  quality  standards  for  a 
stream,  both  EPA  and  the  States  are  required  to  impose  stricter 
pollution  control  requirements.  As  an  example  of  more  stringent 
state  standards,  the  discharge  requirements  for  McClellan  AFB 
are  presented  in  Table  3. 

The  individual  discharge  permits  for  each  ALC  are  issued  by 
state  agencies,  under  authority  of  the  National  Pollutant 
Discharge  Elimination  System  ( NPDES ) .  (If  states  do  not  have 
NPDES  authority,  the  Regional  EPA  office  issues  permits.) 
Present  ALC  effluent  limitations  set  by  NPDES  permits  currently 
represent  BAT  or  slightly  lower  effluent  levels  and  will  extend 
through  June  30,  1984.  At  that  time  the  permits  will  be  re¬ 
viewed  to  determine  if  more  stringent  requirements  are  necessary 
to  protect  local  receiving  waters. 

Regulations  governing  hazardous  wastes  are  a  result  of  the 
Resource  Conservation  and  Recovery  Act  (RCRA),  1976  (Public  Law 
94-580).  RCRA  hazardous  waste  regulations  are  designed  to 
manage  and  control  the  country's  hazardous  wastes  from  genera¬ 
tion  to  final  disposal. 

The  RCRA  regulations  differ  from  water  pollution  regula¬ 
tions  in  that  all  industries  that  generate,  store,  haul,  or 
dispose  of  hazardous  waste  must  comply  with  these  rules,  while 
water  pollution  regulations  vary  according  to  specific  industry; 
e.g. ,  metal  finishing. 

Under  RCRA,  EPA  has  set  strict  definitions  for  hazardous 
waste.  Some  wastes,  such  as  electroplating  wastewater  treatment 
sludge,  are  specifically  listed  as  hazardous  (Table  4).  For 
other  wastes,  the  EPA  has  established  criteria  that  determine 
if  the  waste  is  hazardous  (Table  5).  If  a  waste  is  hazardous, 
it  must  be  stored,  transported,  and  disposed  of  in  accordance 
with  RCRA  hazardous  waste  regulations. 

RCRA  includes  a  delisting  procedure  for  excluding  generi- 
cally  classified  hazardous  wastes  from  regulation.  The  major 
advantage  of  delisting  is  in  disposal  cost;  the  waste  can  be 
disposed  of  in  a  nonhazardous  landfill. 

Since  the  AF  sludges  are  listed  as  hazardous,  the  delisting 
process  is  of  major  interest  to  this  project.  If  technologies 
can  be  developed  to  render  these  wastes  nonhazardous,  they  can 
be  delisted  and  the  overall  cost  of  sludge  handling  at  ALCs  can 
be  reduced. 


EPA  has  received  a  substantial  number  of  delisting  peti¬ 
tions  (350  by  1982),  with  approximately  150  approved.  The 
majority  of  the  approved  petitions  were  for  electroplating  and 
metal-finishing  wastes  and  in  particular  sludges  from  waste 
treatment. 


TABLE  3.  NPDES  EFFLUENT  LIMITATIONS  FOR  MCCLELLAN  AFB 


Pollutant 


Maximum  for 
Any  1  Day 
mg/1 


Average  of  daily 
Values  for  30  Consecutive 
Days  (mg/1) _ 


Cadmium  0.2  0.1 

Chromium  (Total)  1.0  0.5 

Chromium  (Hex)  0.1  0.05 

Copper  1.0  0.5 

Lead  0.1  0.05 

Nickel  1.0  0.5 

Silver  0.1  0.05 

Zinc  1.0  0.5 

Cyanide  (Total)  1.0  0.5 

Cyanide  (Amenable)  0.1  0.05 

Total  Suspended  Solids  60  30 

Phenol  0.2  0.1 

Settleable  Solids  0.2  0.1 


Oil  and  Grease 
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TABLE  4.  RCRA  HAZARDOUS  WASTES  GENERATED  BY  ELECTROPLATING 


OPERATIONS 

EPA  Hazardous 
Waste  Number 

Hazardous  Waste 

F006 

Wastewater  treatment  sludges  from  electroplating 
operations 

F007 

Spent  plating  bath  solutions  from  electroplating 
operations 

F008 

Plating  bath  sludges  from  the  bottom  of  plating 
baths  from  electroplating  operations 

F009 

Spent  stripping  and  cleaning  bath  solutions 
from  electroplating  operations 

TABLE  5.  RCRA  HAZARDOUS  CRITERIA  FOR  EVALUATING  SOLID  WASTES 


Criterion 

Ignitability 


Corrosivity 


Reactivity 


Characteristics 


Waste  is  liquid  with  a  flash  point  less  than 
140°F. 

Waste  is  solid  that  burns  vigorously  and 
persistently  when  ignited. 

Waste  is  ignitable  compressed  gas. 

pH  is  less  than  or  equal  to  2. 

pH  is  greater  than  or  equal  to  12.5. 

Waste  is  highly  corrosive  to  steel. 

Substance  is  unstable  and  readily  undergoes 
violent  changes  without  detonating. 

Substance  reacts  violently  in  water. 

Waste  forms  potentially  explosive  mixtures 
with  water. 

Material  generates  toxic  gases  when  mixed 
with  water. 


Toxicity 


Waste  contains  cyanide  or  sulfide. 

Waste  fails  the  Extraction  Procedure  (EP) 
test  for  toxicity. 


EPA  can  delegate  RCRA  authority  to  individual  states 
provided  they  meet  a  set  o£  standards  and  request  the  authority. 
Thirty-four  states  now  have  interim  authorization.  When  a 
delisting  petition  is  received  by  EPA  from  a  generator  in  an 
authorized  state,  the  petition  is  sent  to  the  state  for  process¬ 
ing.  One  exception  under  this  rule  is  when  the  waste  will  be 
transported  across  state  boundaries  to  an  unauthorized  state. 
In  this  case,  EPA  processes  the  delisting  petition. 

To  prepare  a  delisting  petition,  the  waste  generator  must 
collect  and  analyze  representative  samples  of  the  waste.  A 
minimum  of  four  samples  is  required.  The  analytical  tests  must 
include  all  parameters  for  which  the  waste  was  listed  as  hazard¬ 
ous.  For  metal-finishing  waste  treatment  sludges,  this  rule 
requires  that  the  EP  toxicity  test  and  a  metals  analysis  be 
performed.  Aside  from  the  analytical  data,  petitions  must 
include  the  following:  (1)  amounts  of  waste  generated,  (2) 
operation  or  process  which  produced  the  waste,  (3)  disposal 
scenario,  (4)  sampling  methodology,  (5)  analytical  methods 
performed,  and  (6)  a  reproduction  of  the  statement  certifying 
that  the  information  is  true  and  accurate. 

EPA  deals  specifically  with  several  delisting  situations. 
One  of  these  covers  stabilized  wastes.  Fearing  that  the  extrac¬ 
tion  procedure  test  will  not  adequately  determine  whether  or  not 
stabilized  wastes  will  resist  environmental  weathering  over  long 
periods  of  time,  EPA  officials  have  recently  developed  a  multi¬ 
ple-extraction  test  in  which  the  waste  must  be  ground  to  a  fine 
powder  (100  mesh)  and  then  extracted  a  total  of  10  times,  using 
an  acid-rain  mixture  for  nine  of  the  extractions.  If  analysis 
of  the  leachate  shows  a  continuing  increase  in  waste  concentra¬ 
tion,  then  the  probability  of  delisting  is  small.  Low  con¬ 
stituent  concentrations  in  each  successive  extraction  indi¬ 
cate  environmental  stability  over  long  periods  of  time.  At 
least  one  firm  which  stabilize  wastes,  including  electro¬ 
plating  waste  treatment  sludge,  has  received  approval  for  a 
delisting  petition  (Reference  3). 

Additional  information  or  procedures  for  delisting  electro¬ 
plating  sludge  are  presented  in  Appendix  A. 


SECTION  III 


LITERATURE  SURVEY 


The  initial  task  of  this  project  involved  a  comprehensive 
literature  review.  The  objective  was  to  establish  the  current 
state  of  technologies  for  both  removing  dissolved  metals  from 
industrial  wastewaters  with  minimal  generation  of  hazardous 
sludges  and  for  separating  heavy  metals  from  wastewater  sludges. 
Information  regarding  process  descriptions,  economics,  advan¬ 
tages,  and  disadvantages  was  collected.  The  review  focused  on 
literature  from  1975  through  1981  and  used  existing  literature 
searches  for  related  topics,  in  addition  to  government  reports, 
patents,  professional  journals,  trade  journals,  and  new  tech¬ 
nology  advertising. 

The  literature  survey  produced  a  list  of  31  technologies 
for  removing  dissolved  metals  from  wastewater  and  recycling  or 
neutralizing  process  residuals.  A  comprehensive  report,  under 
the  title  "Literature  Review,  Hazardous  Sludge  Reduction#"  Feb. 
82,  was  prepared  which  describes  each  technology,  presents 
abstracts  of  the  most  relevant  articles  (141  abstracts),  and 
contains  a  bibliography  (222  additional  articles)  and  a  list  of 
applicable  patents  (40  patents).  A  summary  describing  the 
technologies  identified  in  the  literature  search  is  presented  in 
Table  6. 


(S  is  energy  intensive 
is  requires  high  temperature  and 
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TABLE  6.  SUMMARY  OF  TECHNOLOGIES  IDENTIFIED  DURING  LITERATURE  SEARCH  (CONTINUED) 


o  Process  simultanexisly  reduces  chromium 
Disadvantage s 

o  Increased  sludge  production  _ 


TECHNOLOGIES  IDENTIFIED  DUPING  LIIERATUFE  SEARCH  ( CONCLUDED) 
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SECTION  IV 


SLUDGE  CHARACTERIZATION 


A.  INTRODUCTION 

Task  2  of  this  project  was  directed  at  characterizing  the 
sludges  currently  generated  at  ALC  IWTPs  in  terms  of  their 
metal  content  and  toxicity.  These  sludges  are  generated  by 
hydroxide  precipitation  of  heavy  metals  contained  in  wastewaters 
and  spent  process  solutions  discharged  from  plating  operations. 

The  volume  of  sludge  produced  and  its  characteristics  are 
dependent  upon  several  key  variables  involving  the  raw  waste  and 
the  treatment  process.  Information  and  data  relating  to  these 
variables  for  each  IWTP  were  collected  during  the  project.  The 
available  information  and  data  are  presented  and  discussed  in 
this  section. 

To  determine  the  characteristics  of  sludges  produced  at  the 
IWTP,  two  sludges  were  analyzed  from  each  of  the  five  IWTP. 
The  sludges  were  analyzed  for  metals  and  other  parameters  and 
each  was  subjected  to  the  EP  to  determine  if  the  sludges  leached 
hazardous  amounts  of  metals.  The  results  of  the  sludge  charac¬ 
terization  study  are  presented  and  discussed  in  this  section. 

B.  FACTORS  AFFECTING  SLUDGE  VOLUME  AND  CHARACTERISTICS 

A  wide  variability  exists  between  waste  treatment  sludges 
generated  at  different  electroplating  facilities  (Reference  1), 
even  though  most  facilities  use  a  metal  hydroxide  precipitation 
process.  The  variability  can  be  attributed  to  several  inter¬ 
related  factors: 

•  Wastewater  volume  and  characteristics 

•  Type  of  treatment  chemicals 

•  Treatment  chemical  dosage 


•  Wastewater  treatment  equipment 

•  Solids  concentration  techniques  and  equipment 

Wastewater  volume  and  characteristics  are  the  primary 
parameters  that  determine  the  type  and  dosage  of  treatment 
chemicals.  These  factors  in  turn  affect  the  amount  of  sludge 
produced  and  the  sludge  characteristics  in  terms  of  metal 
content  and  toxicity.  Formulas  have  been  developed  that  can  be 
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used  to  estimate  the  demand  for  various  treatment  chemicals  and 
project  sludge  generation  rates  (Reference  4).  As  an  example, 
chemical  dosage  requirements  and  sludge  production  for  conven¬ 
tional  treatment,  using  chlorine  for  cyanide  destruction,  sulfur 
dioxide  for  chromium  reduction  and  sodium  hydroxide  (caustic) 
and  sulfuric  acid  for  pH  adjustment,  are  presented  in  Figure  1. 
These  formulas  are  based  on  stoichiometric  requirements  plus 
conservative  allowances  for  reaction  interferences.  In  actual 
practice,  chemical  dosage  and  sludge  generation  rates  must  be 
determined  by  experiment,  using  representative  samples  of  the 
actual  wastewater. 

The  process  illustrated  in  Figure  1  uses  caustic  soda  for 
precipitating  heavy  metals.  Other  chemicals  such  as  lime, 
sodium  sulfide,  ferrous  sulfide  or  sodium  borohydride  have  also 
been  used  for  precipitation  processes.  The  selection  of  a 
precipitating  chemical  will  affect  sludge  volume  and  toxicity. 
In  general,  caustic  soda,  sodium  sulfide  and  sodium  borohydride 
processes  generate  lower  amounts  of  sludge  than  lime  or  ferrous 
sulfide.  Lime  precipitation,  however,  as  discussed  during  this 
project,  often  produces  a  sludge  which  resists  leaching  and  is 
generally  less  toxic  than  caustic  soda  sludges. 

The  wastewater  treatment  process  and  equipment  selected  for 
treating  a  given  wastewater  has  an  effect  on  the  volume  of 
sludge  generated.  For  instance,  the  chromium  reduction  unit 
process  can  be  performed  either  on  a  segregated  chromium  waste 
stream  or  on  the  entire  combined  waste  stream  (both  processes 
are  observed  at  AF-ALCs).  When  the  entire  waste  flow  is  treated 
in  the  reduction  process  (which  is  performed  at  a  pH  of  2-3), 
extra  acid  and  caustic  soda  (or  lime)  are  required  to  lower  the 
pH  for  reduction  and  then  raise  the  pH  of  the  combined  volume 
for  precipitation.  This  results  in  additional  total  solids  and 
increases  the  sludge  volume. 

Equipment  and  instrumentation  selection  also  affects 
sludge  production.  For  instance,  chemical  feed  systems  and 
controls  must  be  properly  selected  to  reduce  overdosage  of 
treatment  chemicals.  These  systems  are  often  controlled  by  flow 
rate  rather  than  pH  or  oxidation  reduction  potential  (ORP). 
When  chemicals  are  added  on  a  flow  rate  basis,  there  is  no 
consideration  for  the  variable  concentration  of  pollutants  in 
the  wastewater.  Since  underdosage  could  result  in  noncompliance 
with  discharge  regulations,  the  tendency  with  such  systems  is  to 
overdose  treatment  chemicals  by  a  wide  margin,  thus  generating 
additional  sludge. 

Solids  concentration  techniques  (thickening  and  dewatering) 
affect  both  the  volume  and  toxicity  of  sludges.  Various  methods 
of  solids  concentration  techniques  are  applied  to  electroplating 
sludges.  The  objective  in  each  method  is  to  reduce  the  amount 
of  water  in  the  sludge  and,  therefore,  reduce  the  sludge  volume. 
The  amount  of  sludge  in  terms  of  dry  weight  is  unaffected  by 
dewatering. 


18 


Sludge  thickening  can  produce  sludge  solids  concentrations 
of  3  to  10  percent  and  there  appears  to  be  little  variability 
between  the  efficiency  of  thickening  equipment.  However,  some 
thickening  processes  are  aided  by  sludge-conditioning  chemicals. 

On  the  other  hand,  the  effectiveness  of  dewatering  equipment  and 
techniques  is  highly  variable.  The  least  efficient  method — 
drying  beds — may  produce  a  solids  content  of  only  5  percent 
while  pressure  filtration  equipment  can  dewater  a  sludge  to  more 
than  50  percent  solids  (References  2,4). 

The  dryness  of  sludge  has  been  shown  to  affect  its  toxicity 
(Reference  1).  Sludge  is  more  likely  to  pass  the  EP  when  the 
majority  of  water  associated  with  the  sludge,  termed  inter¬ 
stitial  water,  is  removed. 

Data  and  information  from  the  ALC,  which  relate  to  the 
various  factors  affecting  sludge  volume  and  sludge  toxicity, 
were  collected  during  this  project  and  during  previous  work 
(Reference  2).  A  review  of  the  available  information  and  data 
for  each  ALC  follows. 

1.  McClellan  AFB  (SM-ALC) 

McClellan  AFB  is  one  of  two  ALCs  that  have  segre¬ 
gated  treatment  of  electroplating  wastewaters.  The  treatment 
processes  for  plating  rinse  waters  (Figure  2)  include  cyanide 
oxidation,  acid/alkali  waste  neutralization  and  chromium  re¬ 
covery.  The  chromium  recovery  process  (Figure  3)  is  a  combina¬ 
tion  of  ion  exchange  and  evaporation.  Some  problems  have  been 
reported  with  the  recovery  system  such  as  deteriorating  resin 
capacity  which  shortens  the  time  between  resin  regeneration 
cycles.  After  preliminary  treatment,  the  acid/alkali  and 
cyanide  waste  streams  are  combined  with  spent  regenerate  from 
the  ion  exchange  system  and  piped  to  the  IWTP  (Figure  4). 
McClellan  also  has  batch  treatment  for  concentrated  wastes  such 
as  spent  solutions  and  spills. 

The  average  daily  flow  rate  at  the  IWTP  is  approximately 
490,000  gallons  per  day  (gpd).  Available  data  (Table  7)  indi¬ 
cate  that  the  waste  received  at  the  IWTP  contains  fairly  dilute 
concentrations  of  metals  and  an  undetectable  level  of  cyanide. 

On  the  average,  5,500  gal/day  chromium  waste  and  3,800  gal/day 
cyanide  waste  are  processed  in  the  batch  treatment  operations 
(Table  8). 

The  treatment  chemicals  used  at  the  IWTP  include  lime, 
alum  (used  as  a  coagulant),  sulfuric  acid,  sulfur  dioxide,  and 
chlorine  (used  for  disinfection).  Under  consideration  is  a 
plan  to  switch  from  lime  to  caustic  soda.  The  switch  is  ex¬ 
pected  to  reduce  sludge  generation  and  cut  down  on  calcium 
carbonate  carryover  in  the  IWTP  effluent.  The  concern  over 
calcium  carbonate  carryover  arose  this  past  year  when  a  practice 
of  effluent  reuse  was  instituted  and  scaling  occurred  in  cooling 
towers. 


Process  Flow  Diagram,  McClellan  AFB  Industrial  Waste  Treatment  Plant 
(Electroplating  Shop) 


Figure  3.  Generalized  Schematic  of  Chromium  Recovery  at  SM-ALC 


Process  Plow  Diagram,  McClellan  AFB  Industrial  Waste  Treatment  Plant 


Solids  from  the  IWTP  precipitation  process  are  thick¬ 
ened  and  then  dewatered  using  a  centrifuge.  The  solids  content 
of  the  dewatered  sludge  has  been  reported  to  be  in  the  range  of 
10  to  25  percent  (Reference  2). 

The  cost  for  wastewater  treatment  and  sludge  disposal 
at  SM-ALC  was  estimated  using  chemical  consumption  rates, 
current  chemical  costs  (Table  9),  and  actual  sludge  disposal 
costs  supplied  by  IWTP  personnel  (Table  10).  The  combined  cost 
for  treatment  chemicals  and  sludge  disposal  (including  hauling) 
is  $0.47  per  1,000  gallons.  On  an  annual  basis  this  is  approxi¬ 
mately  $84,000. 

TABLE  9.  COSTS  FOR  WASTEWATER  TREATMENT  CHEMICALS 


Chemical 


Cost  $/lb* 


Basis 


Chlorine 

0.08 

Single  Tanks 

Calcium 

Hypochlorite 

1.04 

100  lb  drums 

Sulfur  Dioxide 

0.15 

Drums 

Sodium  Bisulfite 

0.19 

38%  solution 

Lime  (Hydrated) 

0.02 

Bags 

Caustic  Soda 

0.13 

50% 

Sulfuric  Acid 

0.04 

Tanks 

Alum 

0.13 

Bags 

Polymer 

2.50 

Estimate 

Ferrous  Sulfate 

0.07 

Bulk 

*Shipping  costs  are  included  at 

10  percent  FOB  price 

2.  Hill  AFB  ( 00-ALC ) 

The  average  waste  flow  at  the  Hill  AFB  IWTP  is  414,000 
gal/Jay jTable  11).  The  waste  stream  is  relatively  concentrated 
with  the  major  contaminant  being  chromium.  On  an  average  day, 
120  pounds  of  chromium  are  treated. 

Hill  AFB  does  not  have  a  separate  treatment  facility 
for  plating  wastes  (Figure  5).  Chromium  rinse  waters  are  intro¬ 
duced  to  the  industrial  waste  stream  just  before  equalization. 

TABLE  11.  RAW  WASTE  CHARACTERISTICS,  SLUDGE  PRODUCTION  AND  CHEMICAL  CONSUMPTION  AT  HILL  APB  IWTP 


NA=Not  available 


Figure  5.  Process  Flow  Diagram,  McClellan  AFB,  IWTP 


The  pH  of  the  waste  stream  is  then  adjusted  downward  and  the 
hexavalent  chromium  is  reduced  with  sulfur  dioxide.  The  pH  of 
the  waste  stream  is  then  adjusted  upward  with  caustic  soda  and 
combined  with  the  cyanide  waste  stream  that  has  been  pretreated 
with  chlorine.  A  polyelectrolyte  is  added  and  the  heavy  metals 
are  precipitated  as  a  hydroxide  sludge.  After  clarification, 
the  sludge  is  dewatered  in  a  drying  bed  to  3  to  5  percent 
solids.  Cement  is  added  to  the  sludge  to  improve  the  handling 
of  the  waste.  Dewatered  sludge  is  hauled  by  contractor  to  a 
landfill  located  approximately  120  miles  from  the  base.  The 
costs  associated  with  wastewater  treatment  and  sludge  disposal 
are  presented  in  Table  10. 

Future  plans  at  00-ALC  include  a  thickener  to  improve 
dewatering  and  switching  from  caustic  soda  to  lime  for  precipi¬ 
tation. 

3.  Tinker  AFB  (OC-ALC) 

The  industrial  wastewater  treatment  process  at  Tinker 
AFB  (Figure  6)  is  unique  in  that  no  preliminary  treatment  of 
cyanide  or  chromium  waste  streams  is  performed;  all  wastewaters 
are  combined  into  a  single  waste  stream  prior  to  treatment. 
Following  the  initial  steps  of  free  oil  separation  and  equaliza¬ 
tion,  the  pH  of  the  entire  waste  stream  is  lowered  to  pH  3, 
using  sulfuric  acid.  Chromium  reduction  is  then  performed, 
using  sulfur  dioxide.  Following  chromium  reduction,  the  pH  is 
increased  using  lime,  and  precipitation  of  heavy  metals  occurs. 
Neither  polymers  or  alum  are  used  in  the  precipitation  process. 
Precipitation  is  followed  by  biological  treatment.  Since  the 
cyanide  concentration  of  the  raw  waste  stream  is  relatively  low, 
no  specific  treatment  of  cyanide  is  needed. 

The  IWTP  at  Tinker  AFB  treats  an  average  of  801,000 
gallons  per  day  (Table  12)  with  the  major  waste  constituents 
from  electroplating  being  chromium  and  nickel. 

Sludge  generated  during  the  treatment  process  is 
dewatered  on  a  vacuum  filter  to  approximately  15  to  20  percent 
solids  (2).  The  dewatered  sludge  is  hauled  by  contractor  to  a 
hazardous  landfill  in  Lamberton,  Alabama.  Costs  associated  with 
wastewater  treatment  and  sludge  disposal  at  00-ALC  are  presented 
in  Table  10. 

4.  Kelly  AFB  (SA-ALC) 

The  IWTP  at  Kelly  AFB  (Figure  7)  treats  an  average 
flow  of  1,270,000  gal/day.  The  main  waste  stream  is  relatively 
dilute  with  a  total  metals  content  usually  less  than  1  mg/1 
(Table  13).  Concentrated  chromium  (3,500  gal/day)  and  cyanide 
wastes  (6,600  gal/day)  receive  preliminary  batch  treatment 
before  being  combined  with  the  main  waste  stream  (Table  14). 
The  preliminary  treatment  for  cyanide  wastes  is  chemical  oxida¬ 
tion  using  calcium  hypochlorite.  Concentrated  chromium  wastes 


Industrial  Wastewater  Treatment  Process  at  Tinker 
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TABLE  13.  RAW  WASTE  CHARACTERISTICS,  SLUDGE  PRODUCTION 
CHEMICAL  CONSUMPTION  AT  KELLY  AFB  TWTP 
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TABLE  14.  BATCH  TREATMENT  DATA  -  KELLY  APB 


are  reduced,  using  sulfur  dioxide  and  after  chromium  reduction 
the  pH  of  the  wastewater  is  increased  using  caustic  soda.  This 
wastewater  is  then  pumped  to  a  drying  bed  to  remove  precipitated 
solids.  The  leachate  filtering  through  the  drying  bed  is  pumped 
to  the  main  waste  stream.  The  main  waste  stream  is  treated  with 
ferrous  sulfate  and  sodium  bisulfite  for  additional  chromium 
reduction  and  lime,  NaOH  and  alum  for  precipitation.  The 
hydroxide  sludge  generated  is  then  pumped  from  the  intermediate 
clarifier  to  the  primary  clarifier.  Solids  are  removed  on  an 
intermittent  basis  from  the  primary  clarifier  and  dewatered  on 
the  drying  beds.  Sludge  is  removed  from  the  drying  beds  at 
approximately  15  percent  solids  and  hauled  by  contractor  to  a 
hazardous  landfill  located  150  miles  from  the  base.  Costs 
associated  with  wastewater  treatment  and  sludge  disposal  at 
SA-ALC  are  presented  in  Table  10. 

5.  Robbins  AFB  (WR-ALC) 

The  treatment  process  at  Robbins  AFB  is  similar  to 
McClellan  AFB  in  that  both  have  separate  treatment  facilities 
for  electroplating  wastewaters.  The  plating  wastes  at  Robbins 
are  segregated  into  acid/alkali,  chromium,  and  cyanide  waste 
streams  for  preliminary  treatment  at  IWTP  Number  2  (Figure  8). 
Chromium  is  reduced  using  sodium  bisulfite  and  cyanide  wastes 
are  treated  with  chlorine.  These  waste  streams  are  then  com¬ 
bined  with  the  acid/alkali  wastes  and  heavy  metals  are  precipi¬ 
tated,  using  caustic  soda  and  a  polymer.  The  average  daily  flow 
rate  of  the  combined  waste  streams  is  89,000  gal/day  (Refer¬ 
ence  5). 

The  underflow  from  the  IWTP  Number  2  clarifier  is  sent 
to  IWTP  Number  1  (Figure  9),  which  treats  wastewater  from  paint 
stripping,  cleaning  and  washing,  for  dewatering.  The  IWTP 
Number  2  clarifier  overflow  is  sent  to  the  sewage  treatment 
plant. 

Sludge  is  dewatered  at  IWTP  Number  1  using  gravity 
thickening  and  a  filter  press  to  a  solids  content  of  20  to  30 
percent.  The  dewatered  sludge  is  disposed  of  onbase  in 
a  building  with  an  enclosed  concrete  basement.  The  sludge  is 
being  used  to  fill  the  basement,  after  which  a  concrete  slab 
will  be  poured  over  the  compacted  sludge  and  the  building  will 
be  used  as  a  warehouse.  Costs  for  wastewater  treatment  and 
sludge  handling  at  WR-ALC  were  not  available. 

C.  SLUDGE  CHARACTERIZATION 

To  characterize  the  sludges  generated  at  the  IWTP,  5-day 
composite  samples  of  sludges  were  analyzed  from  each  of  the  five 
IWTPs.  The  sludge  samples  were  taken  from  the  clarifier  under- 
f  low. 


Portions  of  the  composites  were  acid-digested  and  analyzed 
for  total  metal  content.  The  total  metal  characterization 
included  analysis  for  the  EPA  RCRA-regu lated  metals  (As,  BA,  Cd, 


Figure  8.  Process  Flow  Diagram,  Robins  AFB,  IWTP  No. 
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Cr,  Pb,  Hg,  Se  and  Ag ) ;  the  Secondary  Drinking  Water  Standard 
metals  (Cu,  Fe,  Mn,  and  Zn);  and  other  elements  of  interest  (Al, 
Ca,  Mg,  Ni,  K,  Na  and  Sn).  Separate  portions  of  each  composite 
sample  were  analyzed  for  pH_,  total  solids  JTS),  total  dissolved 
solids  (TDSl^  cyanide  (CN-),  sulfide  (S^  ),  chloride  (Cl  ), 
sulfate  (SO^  ),  appearance  and  odor. 

The  characterization  of  the  AF  composite  sludges  also 
included  an  evaluation  of  their  leaching  characteristics  when 
subjected  to  the  EPA  Extraction  Procedure  and  the  ASTM  Method  A 
extraction  procedure  (Appendix  A).  The  performance  of  the 
sludge  samples  when  subjected  to  leaching  studies  points  out  the 
problem  metal  constituents  that  will  be  targeted  in  subsequent 
tasks. 

The  ASTM  Method  A  extraction  is  an  extraction  under  mild 
conditions.  During  the  test  a  portion  of  the  whole  sludge  is 
extracted  with  four  times  its  weight  of  deionized  water  and 
agitated  for  48  hours.  Following  the  extraction,  the  sample  is 
filtered  and  the  filtrate  is  analyzed  for  metals. 

The  EPA-EP  is  an  extraction  under  harsher  acidic  conditions 


simulating  an  environment  typical  of  co-disposal  with  organic 
wastes.  First,  a  portion  of  the  whole  sludge  is  filtered  and  the 
filtrate  is  reserved  for  later  recombination  with  the  final 
extract.  The  solid  material  is  extracted  with  16  times  its 
weight  of  deionized  water.  The  pH  is  maintained  at  pH  5  by 
addition  of  0.5N  acetic  acid  up  to  four  times  the  solids  weight. 
If  all  the  allotted  acid  is  used,  no  further  pH  adjustment  is 
performed.  The  extraction  fluids  are  filtered  after  24  hours 
and  the  extraction  filtrate  and  original  filtrate  are  recom¬ 
bined.  The  combined  filtrate  is  analyzed  for  metals. 

During  the  sludge  characterization  tests  all  analyses  were 
performed  with  a  minimum  of  10  percent  spiked  and  10  percent 
duplicate  samples.  For  statistical  validation  of  the  results, 
the  compositing  and  analyses  of  one  sludge  sample,  chosen  at 
random,  was  run  with  complete  replication. 

The  physical  characteristics  of  the  sludge  samples  are 
described  in  Table  15.  Hill  AFB  sludges  exhibited  the  most 
daily  variability.  Their  sludges  ranged  most  noticeably  in 
odor,  from  a  sweetly  organic  odor  to  strongly  septic. 
Sludges  collected  from  Robins  AFB  differ  from  the  rest  in  that 
each  set  of  five  samples  was  collected  from  a  different  treat¬ 
ment  facility.  The  electroplating  waste  sludge  composite  (No. 
21473)  exhibited  no  pronounced  odor  while  the  oils  and  greases 
waste  sludge  composite  (No.  21474)  was  very  strongly  septic. 
The  Kelly  AFB  sludges  were  mildly  septic  and  varied  between  1 
and  70  percent  settled  solids.  The  first  set  of  samples  from 
Tinker  AFB  showed  very  little  variability  and  appeared  very  much 
like  a  typical  metal  hydroxide  sludge.  The  second  set,  however, 
was  greatly  variable  and  exhibited  a  septic  odor.  McClellan 
AFB  samples  showed  little  obvious  variability  and  all  were 
characterized  as  having  black  sludge  and  possessing  a  strong 
septic  odor. 


TO 
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The  analytical  results  of  the  sludge  characterizations 
are  presented  in  Tables  16  through  21.  The  guidelines  used  by 
the  EPA  in  association  with  the  EP  toxicity  test  are  presented 
in  Table  22. 


The  results  of  the  EP  toxicity  test  are  summarized  in  Table 
23  in  terms  of  whether  the  sludge  sample  exceeded  the  limits 
defined  for  EP  toxicity  and  for  delisting  of  a  particular 
sludge. 

As  indicated  in  Table  23,  the  Kelly  sludge  sample  and  the 
Robins  oil  and  grease  sludge  sample  were  the  only  two  to  pass 
both  the  EP  toxicity  limits  and  the  maximum  allowable  limits  for 
delisting  sludge.  For  these  particular  samples,  cadmium  and 
chromium  are  the  only  metals  that  would  negate  the  potential  for 
delisting.  In  one  case  (Tinker)  nickel  was  relatively  close  to 
the  delisting  criteria. 

Table  24  shows  the  percentages  of  metals  that  were  leached 
from  the  various  samples  during  the  EP.  The  Tinker  AFB  sludge 
samples  exhibited  considerable  variability  in  percentage  of 
metal  leaching.  Both  samples  had  similar  levels  of  cadmium; 
however,  nearly  84  percent  of  the  available  cadmium  from  one 
sample  (No.  21476)  was  leached,  and  only  11  percent  of  the 
available  cadmium  leached  from  the  other  sample  (Number  21721). 
The  total  cadmium  contents  of  the  Kelly  and  McClellan  sludges 
were  low,  which  may  account  for  the  sludge  leaching  less  than 
the  limits  for  this  metal. 


Chromium  leaching  exceeded  the  EP  toxicity  limit  only  with 
the  McClellan  sludge,  although  Hill  and  Tinker  sludges  present 
problems  if  delisting  is  desired.  Although  the  total  chromium 
content  of  the  McClellan  sludge  samples  was  not  unusually  high, 
they  leached  considerably  more  chromium  than  samples  from  other 
bases. 

The  ASTM  Method  A  extraction  indicated  high  chromium 
leaching  in  one  Tinker  AFB  sludge  sample  (Number  21722)  and  both 
McClellan  sludge  samples  (Numbers  21723  and  21724).  This 
indicates  that  there  may  be  poor  hexavalent  chromium  ^reduction 
treatment  which  usually  results  in  high  levels  of  Cr  in  the 
sludges. 

The  other  RCRA— regu lated  metals  (Ag,  As,  Ba,  Hg  and  Se) 
leached  at  levels  well  below  the  EP  Toxicity  limits. 

The  secondary  drinking  water  metals  (Fe,  Cu,  Mn  and  Zn) 
were  leached  at  high  levels  in  some  sludges.  Of  these,  only 
copper  presented  no  apparent  leaching  problem.  Iron  leached  625 
mg/1  for  the  sludge  obtained  from  the  oil  and  grease  treatment 
facility  at  Robins  AFB,  and,  although  the  electroplating  sludge 
had  higher  total  Fe  content,  it  leached  only  7.1  mg/1.  Manga¬ 
nese  was  found  to  be  poorly  stabilized  in  all  of  the  sludges. 
However,  even  though  greater  than  60  percent  of  the  manganese 
leached,  the  generally  low  total  concentrations  make  it  a 


TABLE  17.  ROBBINS  AIR  FORCE  BASE 
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TABLE  22.  HAZARDOUS  WASTE  DELISTING  CRITERIA  FOR  METALS  OF 
INTEREST 

Max.  Cone.  Max.  Cone. 

EP  Toxicity  (mq/1)*  For  Delisting  (mq/l)t 

Cd  1.0  0.3 

Cr  5.0  1.5 

Pb  5.0  1.5 

Ni  —  20 


ns.  Electroplating 
ns.  Oil  and  Grease 


* 


* 


* 


potential  problem  only  in  Tinker  AFB  sludges.  Total  zinc 
content  in  all  the  sludges  was  less  than  100  mg/1  and  all  BP 
extracts  contained  less  than  10  mg/1  zinc.  High  values  of  7.5 
mg/1  and  6  mg/1  zinc  were  found  in  EP  extracts  of  Robins  AFB  oil 
and  grease  and  Hill  AFB  sludges. 

The  less  harsh  ASTM  Method  A  extraction  showed  low  leach- 
ability  of  all  metals  investigated,  with  the  notable  exception 
of  chromium. 

Cyanide  levels  in  all  the  sludges  were  found  to  be  less 
than  the  detection  limit  providing  evidence  of  proper  treatment. 


SECTION  V 


METAL  REMOVAL  STUDY 


A.  INTRODUCTION 

Electroplating  wastewaters  generated  at  the  ALCs  are 
treated  for  metals  removal  by  the  conventional  hydroxide  pre¬ 
cipitation  with  three  of  the  five  ALC  using  lime  as  the  pH 
adjustment  chemical.  The  preference  for  lime  is  due  to  several 
major  reasons: 

•  Low  cost 

•  Superior  settling  characteristics 

•  Superior  dewatering  characteristics 

In  spite  of  these  advantages,  lime  produces  three  to  six 
times  more  sludge  volume  than  caustic  soda.  This  high  sludge 
volume  results  mainly  from  unreacted  calcium  hydroxide  and 
insoluble  compounds  in  the  lime,  such  as  sand  and  calcium  by¬ 
products.  Since  lime  is  added  in  a  slurry  form,  inefficient 
chemical  feed  systems,  such  as  those  observed  at  various  ALCs 
(Reference  2),  can  easily  overdose  lime  requirements  and  add  to 
the  sludge  volume  problem. 

Another  potential  disadvantage  of  lime  is  that  the  effluent 
quality  is  limited  by  the  solubility  of  metal  hydroxides.  Al¬ 
though  the  resultant  effluent  quality  is  usually  adequate  to 
meet  the  Federal  metal  finishing  standards  it  may  not  be  ade¬ 
quate  to  meet  stringent  local  POTW  standards  or  NPDES  permit 
requirements. 

The  two  ALCs  that  are  not  currently  using  lime  are  using 
caustic  soda.  Caustic  soda  (sodium  hydroxide  or  NaOH)  is  fed  as 
a  liquid  rather  than  a  slurry,  and  therefore  its  dosage  can  be 
more  accurately  controlled.  Caustic  soda  is  widely  used  by  U.S. 
industries  for  metals  precipitation,  but  the  precipitates  formed 
during  treatment  exhibit  poor  settling  and  dewatering  charac¬ 
teristics.  Such  problems  have  been  observed  at  one  of  the  ALCs 
that  uses  caustic  soda.  Effluents  produced  by  caustic  soda 
treatment  have  a  quality  similar  to  that  of  lime  treatment. 

One  objective  of  this  project  was  to  investigate  new  and 
innovative  processes  that  remove  metals  and  reduce  sludge 
volume  as  compared  with  lime  treatment.  At  the  same  time, 
the  removal  efficiencies  of  the  process  were  to  meet  Federal 
effluent  limitations  (Table  2)  and  approach  the  target  effluent 
levels  shewn  in  Table  25.  These  target  levels  are  beyond  the 


TABLE  2  5.  EFFLUENT  OBJECTIVES 


Parameter 

Chromium  (total) 

Chromium  (Hexavalent) 

Cadmium 

Copper 

Nickel 

Cyanide 


Concentration  (mg/1) 
0.25 
0.025 
0.010 
0.005 
0.10 
0.002 


effluent  quality  attainable  using  either  lime  or  caustic  soda 
treatment. 

The  first  step  during  this  task  was  to  identify  potential 
technologies  for  testing.  Information  collected  during  the 
literature  review  was  used  to  aid  in  the  selection  process.  A 
preliminary  set  of  tests  was  then  conducted  to  screen  and 
identify  the  most  promising  technologies.  The  test  results  were 
evaluated  and  two  technologies  were  selected  for  more  comprehen¬ 
sive  testing. 

At  several  decision  points  during  the  metal  removal  study, 
a  decision  technique  termed  "worth  assessment"  was  used  to  aid 
in  the  selection  of  technologies.  With  this  method,  a  mathe¬ 
matical  relationship  is  defined  among  decision  criteria.  Each 
criterion  is  given  a  relative  weight  from  0.0  to  1.0  with  the 
sum  of  the  weights  equaling  1.0.  Then,  for  each  candidate 
technology,  a  worth  assessment  score  is  calculated  by:  (1) 
scoring  on  a  scale  of  0.0  to  1.0  how  well  each  candidate  tech¬ 
nology  satisfies  each  criterion,  (2)  multiplying  the  score  for 
each  criterion  by  its  weighted  value,  and  (3)  summing  the  scores 
for  each  criterion. 

B.  INITIAL  TECHNOLOGY  SCREENING 

The  technologies  identified  in  the  literature  survey  were 
reviewed  to  identify  potential  candidates  for  testing.  The 
metal  removal  technologies  selected  are  presented  in  Table  26. 
Decision  criteria  were  developed  and  the  worth  assessment  model 
applied.  A  summary  of  the  worth  assessment  results  for  chromium 
reduction,  cyanide  destruction  and  metal  removal  is  presented 
in  Table  27. 

As  indicated  in  Table  27,  the  use  of  sodium  borohydride  for 
precipitation  was  the  highest  ranking  technology.  Its  major 
assets  were  considered  to  be  the  high-quality  effluent  produced 
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TABLE  26.  POTENTIAL  METAL  REMOVAL  TECHNOLOGIES 
IDENTIFIED  FROM  LITERATURE 

1.  Sodium  borohydride  precipitation 

2.  Electrochemical  removal  of  metals  (end  of  pipe) 

3.  Ion  exchange  plus  batch  treatment 

4.  Water  softening 

5.  Oxide  precipitation 

6.  Hydroxide  precipitation 

7.  Sulfide  precipitation 


by  the  process,  the  low  solids  generation,  improved  character¬ 
istics  of  solids,  and  the  ability  of  the  process  to  simultane¬ 
ously  reduce  chromium  and  precipitate  metals.  Electrochemical 
removal  of  metals,  as  an  end-of—  pipe  technology,  was  ranked 
second.  Its  major  assets  were  considered  to  be  its  low  opera¬ 
ting  cost  (treatment  chemicals  are  not  required),  reduced  solids 
generation,  potential  for  metals  recovery,  and  simultaneous 
reduction  of  chromium  and  metals  removal.  Ion  exchange  plus 
batch  treatment  was  ranked  third.  Its  major  assets  were  its 
commercialized  development  status,  high-quality  effluent,  and 
low  solids  generation.  The  worth  assessment  score  for  ion 
exchange  was  reduced  because  of  its  high  operating  cost.  Water 
softening  was  included  in  the  worth  assessment  exercise  although 
it  was  not  identified  in  the  literature  search.  The  potential 
application  for  this  process  is  to  remove  hardness  compounds 
from  the  raw  process  water  so  that  they  will  not  be  precipitated 
during  waste  treatment  and  add  to  the  hazardous  sludge  volume. 
This  technology's  commercial  development  status  and  its  poten¬ 
tial  for  reducing  solids  generation  are  its  major  attributes. 
Since  water  softening  would  be  applied  in  addition  to  waste 
treatment,  it  would  increase  capital  and  operating  costs.  The 
lowest  scores  of  the  selected  technologies  were  hydroxide 
precipitation  (i.e.,  using  lime  or  caustic  soda)  and  sulfide 
precipitation.  Neither  provides  any  significant  advantage 
except  that  the  performance  of  each  has  been  demonstrated  on  a 
commercial  scale. 

A  laboratory  test  plan  was  developed  for  conducting  screen¬ 
ing  experiments  with  several  of  the  identified  technologies. 
The  objectives  of  the  screening  were  to  establish  a  conventional 
treatment  baseline  and  to  investigate  the  most  promising  innova¬ 
tive  technologies.  The  following  experiments  were  included  in 
the  screening  tests: 

e  Evaluating  hydroxide  precipitation  with  lime  (baseline 
data ) 


TABLE  27.  WORTH  ASSESSMENT  RESULTS  -  INITIAL  SCREENING  STEP 


Chromium  Reduction 


Technology 


Worth  Assessment  Score 


Iron  Anodes  0.776 
Formalin  0.624 
Sodium  Borohydride  0.616 
Sulfur  Dioxide  or  Sodium  Bisulfite  0.584 
Cementation  0.524 
Ferrous  Sulfate  0.514 
Sulfide  0.474 
Activated  Carbon  0.460 


Metals  Removal 


Technology 


Worth  Assessment  Score 


Sodium  Borohydride  0.746 
Electrochemical  Removal  of  Metals 

(end  of  pipe)  0.712 
Ion  Exchange  plus  Batch  Treatment  0.642 
Water  Softening  0.608 
Oxide  Precipitation  0.586 
Hydroxide  Precipitation  0.560 
Sulfide  Precipitation  0.353 


Cyanide  Oxidation 

Technology  Worth  Assessment  Score 


Electrolytic 

0.848 

Electrolytic  plus  Sodium  Chloride 

0.840 

Ozone 

0.684 

Chlorine 

0.684 

Sodium  Hypochlorite 

0.584 

•  Determining  influence  of  neutralizing  agent  on  sludge 
volume  and  solids  content  (baseline  data) 

•  Determining  influence  of  water  hardness  on  sludge 
volume  and  solids  content 

•  Determining  influence  of  segregated  treatment  of 
chromium  wastes  on  sludge  volume  and  solids  content 

•  Evaluating  use  of  ferrous  sulfate  for  chromium  reduction 

•  Evaluating  use  of  oxide  precipitation  for  metal  removal 
and  cyanide  oxidation 

•  Evaluating  use  of  sodium  borohydride  precipitation 
process 

Before  conducting  the  tests,  contrived  wastewaters  were 
formulated  to  have  the  metal  composition  shown  in  Table  28. 
Three  wastewaters  were  prepared  having  various  levels  of  hard¬ 
ness,  synthesized  by  adding  calcium  and  magnesium  ions  (or 
sodium  carbonate  in  the  case  of  softened  water).  Table  29 
describes  the  hardness  composition  of  the  three  contrived 
wastewaters  used  in  the  study.  To  produce  background  ion 
concentration,  100  mg/1  sodium  sulfate  was  added  to  each  waste- 
water. 

Detailed  descriptions  of  the  various  experiments  are 
as  follows: 

1.  Evaluation  of  Hydroxide  Precipitation  with  Lime 

In  this  test  the  optimum  conditions  were  determined 
for  chromate  reduction  using  sodium  bisulfite  and  the  optimum  pH 
for  hydroxide  precipitation  using  lime.  The  low  hardness 
wastewater  (WWl)  was  used  in  this  study. 

a.  Chromium  Reduction 

A  10  percent  solution  of  sodium  bisulfite  (NaHSO,) 
was  prepared  using  sodium  metabisulfite  (Na^^O-j)  and  water. 
The  wastewater  sample  was  then  adjusted  to  a  pH  of  2.5,  using 
sulfuric  acid  (H2SO.).  The  10  percent  sodium  metabisulfite 
solution  was  then  added  to  the  wastewater  sample,  while  main¬ 
taining  a  pH  of  2.5  by  addition  of  sulfuric  acid  and  monitoring 
the  oxidation-reduction  potential  (ORP).  A  final  ORP  reading  of 
+220  mV  indicated  the  conpletion  of  the  reduction  of  hexavalent 
chromium  (Cr  )  to  trivalent  chromium  (Cr+J).  This  reaction  was 
also  monitored  by  visually  observing  a  color  change  from  the 
characteristic  yellow  of  hexavalent  chromium  to  the  blue-green 
associated  with  trivalent  chromium.  Samples  of  the  treated 
wastewater  were  collected  at  ORP  readings  of  +220  mV  and  +230 
mV.  The  sample  collected  from  the  solution  at  +230  mV  showed  a 


TABLE  28.  HEAVY  METAL  CONCENTRATIONS  IN  CONTRIVED  WASTEWATERS 


Metal  Ion 

Concentration  (mg/1) 

Chemical  Used 

Cr ( +6 ) 

15 

Cr03 

Cr ( +3) 

30 

Cr(NOa)3  .  9H20 

Cd(+2) 

1 

Cd(N03)2  .  4H20 

Cu( +2) 

25 

CuS04  .  5H20 

Ni ( +2) 

10 

NiCl2  .  6H20 

Fe(+2) 

20 

FeS04  .  7H20 

TABLE  29.  WASTEWATER  HARDNESS  AND  IONIC  BACKGROUND 


Composition 


CaCO-j  (as  CaC03) 

Mg(+2) (as  CaCO,) 
(added  as  Mgcl2) 

Na2C03  (as  Na2C03) 

Na2so4  (as  Na2S04) 


Low 

(WW41) 


Hardness  (mg/1) _ 

High  Softened 

(WW»2)  (WW#3) 


80  240  0 


40  120  0 


0  0  381 

100  100  100 


56 
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slight  yellow  tint  that  dissipated  within  a  few  hours.  This 
indicates  that  the  reduction  reaction  may  be  accelerated  to 
completion  by  the  addition  of  an  excess  amount  of  NaHSO^.  The 
reaction  was  driven  to  completion  in  30  minutes  with  the  addi¬ 
tion  of  20  percent  excess  NaHSO^. 

b.  Hydroxide  Precipitation 

Tests  to  determine  the  optimum  pH  for  hydroxide 
precipitation  were  performed  using  samples  of  WWl  that  had  been 
previously  treated  with  NaHSO^  to  reduce  Cr  to  Cr  .  In  this 
study,  the  wastewater  samples  were  adjusted  to  pH  values  of  8.4, 
8.8,  and  9.2  by  the  addition  of  industrial  grade  hydrated  lime. 
Screening  tests  were  initially  performed  to  identify  the  most 
effective  flocculation  agent  and  to  determine  its  optimum 
dosage.  The  results  of  these  screening  tests  indicated  that  the 
ionic  polymer  Magnifloc  836A  used  at  a  dosage  of  2  mg/1  would 
provide  the  best  results. 

The  test  procedure  was  designed  to  simulate  the 
sequence  of  an  industrial  scale  treatment  process,  using  a  pH 
adjustment  time  of  30  minutes,  followed  by  a  30-minute  settling 
time.  Following  the  settling  step,  the  amount  of  settleable 
solids  (SS)  was  determined  and  a  sample  of  the  supernatant  was 
collected  and  analyzed  for  total  suspended  solids  (TSS),  dis¬ 
solved  metals  (following  filtration  through  a  0.45  micron 
filter),  and  total  metals.  Results  of  these  analyses  are 
presented  in  Table  28. 

In  addition  to  the  results  detailed  in  Table  30, 
qualitative  differences  were  noted  in  floe  quality  and  settle- 
ability.  Floe  formed  at  pH  8.4  exhibited  very  poor  settling 
characteristics.  The  floe  formed  at  pH  8.8  settled  well, 
although  slowly,  and  the  floe  formed  at  pH  9.2  appeared  very 
heavy  and  settled  rapidly. 

2.  Influence  of  Neutralizing  Agent  on  Sludge  Volume 
and  Solids  Content 

In  this  study,  caustic  soda  (NaOH)  and  industrial 
grade  lime  (CatOH),)  were  compared  in  terms  of  their  effect  on 
the  volume  of  sluclge  produced  in  treating  wastewater  and  in 
terms  of  dry  weight  of  solids  produced.  WWl  was  first  treated 
with  sodium  bisulfite  for  chromium  reduction  and  then  by  the 
addition  of  either  caustic  soda  or  lime  to  achieve  a  final  pH 
of  9.2.  The  results  (Table  31)  showed  that  treatment  with 
caustic  soda  produced  6  times  less  solids  in  terms  of  dry 
weight.  The  floe  formed  by  caustic  soda  treatment  was,  however, 
very  light  and  settled  poorly > y ielding  a  greater  sludge  volume 
than  lime  treatment.  The  floe  was  very  fragile  and  could  be 
easily  disturbed.  Adjustment  of  the  pH  was  achieved  rapidly 
using  caustic  soda. 


TABLE  30.  HYDROXIDE  PRECIPITATION  STUDY 


pH 

SS 

TSS 

Metals 

Metals 

(mq/1) 

— 

(ml/1 ) 

(mg/1) 

Analysis* 

Cr 

Cd 

Ni, 

Cu 

8.4 

19.0 

720 

Total 

2.50 

0.05 

1.21 

Dissolved 

0.10 

0.02 

0.20 

Dissolved 

0.10 

0.20 

0.20 

0.02 

00 

. 

00 

21.5 

750 

Total 

1.38 

0.02 

0.20 

Dissolved 

0.11 

0.02 

0.20 

0.04 

Dissolved 

0.10 

0.02 

0.20 

9.2 

37.2 

1370 

Total 

1.55 

0.02 

0.20 

0.85 

Dissolved 

0.10 

0.02 

0.20 

0.03 

‘Total 

metals 

analysis 

was  performed 

on  the 

supernatant  after 

30  minutes  settling  time.  Dissolved  metals  was  performed  by 
first  filtering  the  supernatant  through  a  0.45  micron  filter. 


TABLE  31.  COMPARISON 


Neutralizing  pH 

Agent  _ 

Ca(OH) 2  9.2 

Ca (OH ) 2  9.2 

Ca(OH) 2  9.2 

Ca (OH) 2  9.2 

NaOH  9.2 

NaOH  9 . 2 


OF  NEUTRALIZING  AGENTS 


SS 

(ml/1) 

TSS 

(mg/1) 

37 

1370 

39 

— 

— 

1145 

— 

1215 

100 

235 

92 

220 

The  slow  dissolution  of  lime  necessitates  very  long  pH 
adjustment  times  if  the  amount  of  solids  generated  is  to  be 
minimized.  At  a  pH  adjustment  time  of  30  minutes,  overliming 
(addition  of  excess  lime)  is  required  to  achieve  the  desired  pH. 
As  illustrated  in  Table  30,  a  much  longer  pH  adjustment  time, 
such  as  120  minutes,  significantly  reduces  the  amount  of  over¬ 
liming  and  hence  reduces  the  solids  generation.  Such  extended 
pH  adjustment  times  may  not  be  practical  in  field  applications. 
However,  neutralization  efficiency  may  be  increased  by  the 
practice  of  sludge  recycle  (Reference  2). 

3.  Influence  of  Water  Hardness  on  Sludge  Volume  and 
Solids  Content 

Water  hardness  was  evaluated  as  a  factor  in  treatment 
processes.  A  low-hardness  wastewater  (WWl ) ,  a  high-hardness 
wastewater  (WW2),  and  a  softened  high-hardness  wastewater  (WW3) 
were  each  treated  with  sodium  bisulfite  to  reduce  Cr  to  Cr  , 
then  adjusted  to  a  pH  of  9.2  using  lime  to  determine  the  effect 
of  water  hardness  on  the  volume  of  sludge  produced  and  the  dry 
weight  of  solids  generated.  Flocculation  was  aided  by  addition 
of  2  mg/1  Magnifloc®  836A.  The  results  of  this  study  are  pre¬ 
sented  in  Table  32. 


TABLE  32.  INFLUENCE  OF  WATER  HARDNESS 


Wastewater 

pH  Adjustment 

SS 

TSS 

Time  (Minutes) 

(ml/1) 

(mq/1 ) 

WWl 

30 

37 

1370 

30 

39 

— 

30 

— 

1145 

30 

— 

1215 

120 

13 

265 

WW2 

30 

17 

845 

30 

17 

832 

120 

9 

250 

WW3 

30 

13 

835 

30 

13 

845 

120 

10 

295 

The  effect  of  overliming  to  adjust  the  pH  to  9.2 
within  30  minutes  is  illustrated  by  the  vast  reduction  in  solids 
when  a  120-minute  reaction  time  is  allowed.  As  shown  by  the 
data,  the  low-hardness  wastewater  was  observed  to  produce 
approximately  48  percent  more  sludge  than  the  other  two  waste- 
waters  at  a  30-minute  reaction  time.  At  the  longer  reaction 
time  (120  minutes),  however,  no  difference  was  noted.  This 
suggests  that  constituents  in  the  low-hardness  wastewater  may 


slow  the  dissolution  of  the  lime,  causing  the  need  for  over- 
liming  at  the  30-minute  reaction  time.  The  exact  mechanism  of 
this  interference  is  not  explained  by  the  tests  performed; 
however,  its  effect  was  determined  to  be  of  insignificant 
consequence  to  warrant  further  investigation  considering  the 
objectives  of  this  project. 

4.  Influence  of  Segregated  Treatment  of  the  Chromium 
Waste  Stream 

A  segregated  chromium  waste  stream  was  prepared,  based 
on  the  composition  of  WWl  and  the  volume  ratio  of  the  chromium 
waste  stream  to  the  total  waste  streams  at  the  Robins  and  Hill 
APBs.  The  chromium  waste  stream  consisted  of  the  following 
weight  percentages  of  each  listed  component  from  WWl: 


Water  25% 
Chromium  100% 
Iron  25% 
Magnesium  25% 
Calcium  25% 
Sodium  Sulfate  25% 


An  acid/alkali  (A/A)  waste  stream  was  prepared  con¬ 
taining  the  balance  of  components  of  the  WWl  composition  in  the 
remaining  75  percent  of  the  water  and  the  pH  of  this  waste 
stream  was  adjusted  to  6.5. 

The  segregated  chromium  waste  stream  was  treated  with 
sodium  me+t^bisulf££e  ( NaH  SO. )  and  sulfuric  acid  (H2S04)  to 
reduce  Cr  to  Cr  then  conjoined  with  the  A/A  waste  stream. 
Precipitation  was  then  carried  out  at  pH  9.2  by  the  addition  of 
lime.  The. results,  presented  in  Table  33,  indicate  no  appreci¬ 
able  reduction  in  the  amount  of  sludge  generated  from  segregated 
chromium  reduction  using  sodium  bisulfite. 

5.  Evaluation  of  Ferrous  Sulfate  For  Chromium  Reduction 

The  purpose  of  this  study  was  to  evaluate  the  sludge 
volume  and  dry  weight  of  solids  produced  by  using  ferrous 
sulfate  (FeSO^)  instead  of  sodium  metabisulfate  (NaHSCU)  as  a 
reducing  agent.  The  evaluation  was  carried  out  using  WWl  and 
using  both  segregated  and  combined  chromium  waste  streams. 

The  waste  streams  for  FeSO.  treatment  were  first  ad¬ 
justed  to  a  pH  of  3.3  because  FeSO^  dissolves  at  or  below  pH  4. 
As  indicated  by  ORP,  reduction  occurred  at  a  much  slower  rate 
using  FeSO^  as  compared  to  sodium  metabisulfite  (NaHSO^).  This 
slower  reaction  time  could  potentially  lead  to  overuse  of  FeSO^ 
in  industrial-scale  processes,  significantly  increasing  the 
sludge  generation. 

Results  of  these  tests  are  presented  in  Table  34. 
They  indicate  that  FeSO^  produces  an  average  of  31  times  more 
sludge,  on  a  dry  weight  basis,  than  does  NaHSO^.  In  addition. 


the  FeSO^  process  was  more  difficult  to  control  through  ORP 
and  required  a  longer  reaction  time. 


TABLE  33.  EFFECTS  OF  SEGREGATED  Cr(+6)  TREATMENT 


Chromate  Treatment 


Combined 


SS 

(ml/1) 


Segregated 


TABLE  34.  CHROMATE  REDUCTION  TESTS 


Wastewater 


Treatment 

Combined  NaHSO^  pH  2.5 
Combined  NaHSO-,  pH  2.5 
Combined  NaHS03  pH  2.5 
Combined  NaHSOf  pH  2.5 
Combined  FeSO^  pH  3.3 
Combined  FeSO,  dH  3.3 


Combined  NaHSO^  pH  2.5 
Combined  NaHS03  pH  2.5 
Combined  FeSO^  pH  3.3 
Combined  FeSOA  pH  3.3 


SS 

(ml/1) 


Combined  NaHSO^  pH  2.5 
Combined  NaHS03  pH  2.5 
Combined  FeSO.  pH  3.3 
Combined  FeSO?  pH  3.3 

] 

] 

4  ^ 

TSS 

(mg/1 

1370 

1145 

1215 

29800 

25400 


38000 

29000 


42200 

43000 


6.  Oxide  Precipitation  and  Cyanide  Oxidation 

Ozonation  has  been  applied  industrially  for  the  dis¬ 
infection  and  oxidation  of  organic  waste  and  for  the  oxidation 
of  cyanide.  The  literature  also  suggests  that  ozonation  might 
be  a  viable  means  to  simultaneously  oxidize  cyanides  and  produce 
metal  precipitates  superior  to  those  from  conventional  lime 
treatment.  Since  the  sludges  generated  by  the  ozonation  process 
should  be  a  mixture  of  oxides  and  hydroxides  they  would  be 


easier  to  dewater  and  handle.  The  preliminary  oxide  precipita¬ 
tion  screening  tests  used  hydrogen  peroxide  (H202)  as  a  sub¬ 
stitute  for  ozone  (0^)  because  0-j  must  be  generated  immediately 
prior  to  its  use,  ana  acquisition  of  an  ozone  generator  was  not 
necessary  for  screening  tests. 

During  the  test,  WWl  was  treated  with  sodium  metabi¬ 
sulfite  (NaHSOj)  to  reduce  the  Cr  to  Cr  .  The  pH  of  the 
wastewater  was  then  adjusted  to  9.2  and  maintained  at  that 
level,  using  caustic  soda.  Potassium  cyanide  was  then  added  to 
the  wastewater  to  achieve  an  initial  cyanide  concentration  of 
100  mg/1.  A  30-percent  solution  of  H202  was  then  added  to  the 
wastewater  while  monitoring  the  oxidation  reduction  potential 
(ORP)  of  the  wastewater.  As  the  ORP  dropped  from  an  initial 
value  of  +170  mV  to  a  final  value  of  +130  mV,  the  suspended 
precipitate  turned  from  light  green  to  dark  brown.  The  dry 
weight  of  'sludge  generated  by  this  treatment  method  (Table  35) 
was  comparable  to  the  amount  generated  by  caustic  soda  treat¬ 
ment;  however,  the  solids  generated  by  the  H202  treatment  were 
easier  to  handle  and  lower  in  volume.  However,  due  to  hydrogen 
gas  evolution,  an  extended  settling  time  of  1.15  hours  was  re¬ 
quired.  Homogeneous  samples  of  the  sludge  and  the  supernatant 
were  collected, following  settling  for  analysis.  The  H202  treat¬ 
ment  reduced  the  cyanide  content,  as  shown  in  Table  33,  from  100 
mg/1  to  0.18  mg/1.  In  addition,  metal  analyses  of  the  un¬ 
filtered  supernatant,  following  settling,  showed  metal  levels 
roughly  equivalent  to  those  produced  by  conventional  hydroxide 
precipitation. 


TABLE 

I  35.  OXIDE 

PRECIPITATION 

ss 

TSS 

Cyanide 

Metals* 

(mg/1) 

(ml/1) 

(mg/1 ) 

(mg/1 ) 

Cr  (+6)  Cd 

Cu 

Ni 

48 

208 

0.18 

0.82  0.02 

0.42 

0.20 

*Metals  determined  in  supernatant  after  1.15  hours  settling. 


7.  Sodium  Borohydride  Treatment 

The  purpose  of  this  test  was  to  evaluate  sodium 
borohydride  ( NaBH . )  as  a  treatment  reagent  for  the  simultane¬ 
ous  reduction  of  Cr  and  precipitation  of  mixed  heavy  metals. 
A  12-percent  solution  of  NaBH.  in  40-percent  caustic  soda  (NaOH) 
was  added  to  WWl.  Sulfuric  acid  (H2S0^)  was  added  to  maintain 
the  wastewater  at  a  pH  of  9.2.  Hydrogen  gas  evolution  occurred; 
however,  a  pH  of  9.2  limited  the  duration  to  approximately  10 


minutes  after  treatment.  The  NaBH^  treatment  resulted  in  the 
formation  of  a  heavy  floe  processing  good  settling  characteris¬ 
tics.  Analysis  of  the  unfiltered  supernatant,  sampled  following 


a  settling  time  of  30  minutes,  showed  complete  chromium  reduc¬ 
tion  and  a  favorable  decrease  in  all  metal  constituents  (Table 
36).  In  addition,  the  dry  weight  of  sludge  formed  was  compar¬ 
able  to  caustic  soda  precipitation. 

TABLE  36.  SODIUM  BOROHYDRIDE  REDUCTION 

SS  TSS  _ Metals*  (mg/1) _ 

(ml/1)  (mg/1)  Total  Cr  Cr  (+6)  Cd  Cu 

35  206  0.58  0.10  0.02  0.91 


*Metals  determined  in  supernatant  after  30  minutes  settling. 


8.  Summary  of  Technology  Screening  Tests 

Lime  treatment  of  the  contrived  wastewater  produced  on 
the  order  of  985  mg/1  of  sludge  (dry  weight).  A  portion  of  this 
sludge  is  attributed  to  the  overliming  required  to  achieve 
proper  neutralization  within  a  reasonable  time  frame. 

Treatment  using  caustic  soda  (NaOH),  hydrogen  peroxide 
(H-Oj),  and  sodium  borohydride  (NaBH.)  each  produced  approxi¬ 
mately  220  mg/1  of  sludge  for  the  contrived  wastewater.  Though 
dry  weights  sludge  production  by  these  three  processes  were 
comparable,  significant  qualitative  differences  were  noted.  In 
comparison  with  caustic  soda  treatment  floe,  the  settling 
characteristics  and  quality  of  the  floe  produced  by  NaBH.  treat¬ 
ment  were  excellent,  floe  produced  by  oxide  precipitation  was 
good,  and  caustic  soda  treatment  produced  a  floe  of  a  delicate 
nature  with  poor  settling  characteristics.  Hydrogen  peroxide 
treatment  produced  a  sludge  closer  to  that  characteristic  of 
lime  treatment. 

Oxide  precipitation  and  NaBH^.  treatment  were  each 
observed  to  present  an  additional  treatment  advantage.  The 
oxide  precipitation  process  simultaneously  precipitated  a 
combination  of  metal  oxides  and  hydroxides  and  effectively 
oxidized  cyanide.  Sodium  borohydride,  on  the  other  hand, 
simultaneously  reduced  chromium  and  precipitated  metals,  which 
appeared  to  be  partially  precipitated  as  base  metals. 

Both  NaBH^  treatment  and  oxide  precipitation  using 
HjO,  resulted  in  gas  evolution.  This  could  cause  problems  with 
sludge  settling  in  a  continuous  treatment  process,  necessitating 
varied  treatment  steps.  Substitution  of  for  H 20j  in  the 
oxide  precipitation  process  should  preclude  gas  evolution  in 
that  process. 


Ni 

0.20 


Ferrous  sulfate  (FeSO. )  reduction  produced  very  large 
quantities  of  sludge  and  was  slower  and  more  difficult  to  con¬ 
trol  by  oxidation  reduction  potential  than  treatment  by  sodium 
metabisulfite  (NaHS03).  Again,  segregated  chromium  reduction 
had  no  significant  impact  on  either  sludge  volume  and  solids 
ge nerat ion. 

C.  DETAILED  TESTING 

This  phase  of  testing  was  designed  to  evaluate  the  treat¬ 
ment  technologies  found  promising  in  the  initial  screening 
tests.  Actual  wastewaters  obtained  from  Robins  AFB  and  Hill  AFB 
were  used  in  this  evaluation,  in  addition  to  the  contrived 
wastewater.  These  two  bases  were  selected  for  several  reasons. 
First,  the  sludge  characterization  study  indicated  that  toxic 
metals  are  present  in  sludges  generated  at  these  bases  in 
significant  amounts  and  the  sludges  failed  the  EP.  Therefore, 
processes  which  rendered  the  sludge  nontoxic  could  be  evalu¬ 
ated.  Secondly,  the  waste  treatment  systems  at  these  locations 
include  segregated  cyanide,  chromium,  and  acid/alkali  waste 
streams.  Therefore  segregated  wastewater  samples  could  be 
collected  and  treatment  variables  independently  examined  during 
testing. 

The  technologies  selected  for  this  task  were  again  chosen 
with  the  aid  of  the  worth  assessment  model  with  the  information 
generated  during  screening  tests  added  to  the  previous  data. 
The  results  of  the  worth  assessment  exercise  are  presented  in 
Table  37.  The  decision  criteria  and  details  of  the  analysis 
are  presented  in  Appendix  B.  Using  the  results  of  the  worth 
assessment  model,  the  sodium  borohydride  precipitation  and  oxide 
precipitation  processes  were  the  selected  technologies. 

TABLE  37.  WORTH  ASSESSMENT  RESULTS  -  AFTER  SCREENING 


Technology 

Sodium  Borohydride 

Oxide  Precipitation 

Caustic  Soda  Precipitation 

Ion  Exchange  plus  Batch  Treatment 

Lime  Precipitation 

Water  Softening 


Worth  Assessment  Score 

0.692 

0.629 

0.526 

0.506 

0.411 

0.391 


1.  Analysis  of  Waste  Streams 

It  was  determined,  after  collection  and  analysis  of 
the  segregated  waste  streams  from  Hill  AFB  and  Robins  AFB  (Table 
38),  that  the  chromium  waste  stream  of  Hill  AFB  was  not  segre¬ 
gated  from  the  acid/alkali  waste  stream.  This  factor  would 
adversely  effect  the  results  of  this  study  since  segregated 


TABLE  38. 


ANALYSIS  OF  ACTUAL 
AND  ROBINS  AFB 


WASTESTREAMS  FROM  HILL  AFB 


Robins 

AFB 


faste  Stream 

pH 

Cd 

Cu 

Ni 

Cr 

Cr(+6) 

Cn 

Chromium 

1.7 

7.45 

51.6 

1.12 

9760 

8670 

__  _ 

Duplicate 

— 

7.29 

53.7 

1.12 

7680 

8790 

— 

Cyanide 

10.2 

4.00 

0.34 

0.49 

0.55 

— 

4.60 

Duplicate 

— 

4.00 

0.35 

0.53 

0.27 

— 

4.30 

Acid/Alkali 

7.8 

0.21 

0.14 

0.20 

8.97 

6.22 

— 

Duplicate 

— 

0.21 

0.16 

0.20 

8.97 

5.68 

—  — 

Industrial 

6.5 

0.48 

0.15 

0.05 

4.52 

0.58 

— 

Duplicate 

- 

0.47 

0.15 

0.05 

4.21 

0.52 

— 

Chromium 

3.6 

0.14 

0.30 

0.10 

61.2 

57.5 

—  — 

Duplicate 

— 

0.12 

0.27 

0.10 

52.5 

52.5 

—  — 

Cyanide 

7.7 

1.74 

0.15 

0.10 

0.05 

— 

4.80 

Duplicate 

— 

1.71 

0.14 

0.10 

0.05 

— 

4.80 

Acid/Alkali 

7.3 

0.11 

0.08 

0.25 

0.19 

0.13 

— 

Duplicate 

— 

0.12 

0.08 

0.21 

0.18 

0.11 

— 

Industrial 

6.5 

0.01 

0.34 

0.10 

0.99 

0.06 

— 

Duplicate 

- 

0.01 

0.37 

0.  10 

1.04 

0.07 

— 

chromium  reduction  would  not  be  possible.  A  contrived  waste 
stream  was  therefore  formulated  to  be  used  as  a  substitute  for 
Hill  AFB  actual  wastewater.  The  contrived  wastewater  was 
formulated  with  higher  metal  contents  than  Robins  wastewater  in 
order  to  subject  the  treatment  methodologies  to  more  vigorous 
investigation.  The  final  wastewater  compositions  for  the 
contrived  and  Robins  AFB  wastewater  used  in  this  study  are  shown 
in  Table  39.  The  contrived  wastewater  was  formulated  having  a 
hardness  and  ionic  background  of  WW1.  In  addition,  a  background 
iron  concentration  of  20  mg/1  was  added  to  the  contrived  waste- 
water  as  ferrous  sulfate  (FeS04). 

2.  Baseline  Verification 

In  order  to  verify  the  results  of  the  screening  tests 
a  baseline  verification  study  was  performed  on  both  wastewaters 
using  conventional  treatment  methodology.  The  baseline  verifi¬ 
cation  study  consisted  of  wastewater  treatment  control  set- 
points  established  in  the  initial  studies.  An  aliquot  of  the 
treated  waste  stream  was  collected  for  determination  of  total 
suspended  solids  (TSS).  After  settling  for  30  minutes,  settle- 
able  solids  (SS)  were  determined.  Following  clarification,  a 
sample  of  the  supernatant  was  collected  for  cyanide  and  metals 
analyses.  The  results  are  shown  in  Table  40. 


C.  C 


TABLE  39.  WASTE  STREAM  COMPOSITION 


Coirposite 

Nickel 
(mg/1 ) 

Copper 

(mg/1) 

Cadmium 
(mg/1 ) 

Chromium 
(mg/1 ) 

Chromium  (+6) 
(mg/1 ) 

Cyanide 
(mg/1 ) 

Robins 

0.10 

0.17 

0.13 

7.56 

7.14 

0.17 

Contrived 

1.0 

1.7 

1.3 

75.6 

56.8 

10.0 

TABLE 

40.  BASELINE  VERIFICATION 

STUDY 

Composite 

Nickel 
(mg/1 ) 

Copper 

(mg/1) 

Cadmium 
(mg/1 ) 

Chromium 
(mg/1 ) 

Cyanide 
(mg/1 ) 

TSS 
(mg/1 ) 

SS 

(ml/1) 

Robins 

0.10 

0.04 

0.01 

0.05 

0.02 

172 

9 

Contrived 

0.10 

0.03 

0.01 

1.49 

0.25 

900 

14 

3.  Determination  of  Ozone  Dosage 

During  the  screening  tests,  oxide  precipitation  was 
simulated  with  a  30-percent  solution  of  hydrogen  peroxide  as  the 
treatment  reagent.  In  these  detailed  tests,  a  Welsbach  Model 
T-816  Ozone  Generator  would  be  used.  The  ozone  was  introduced 
into  a  rapidly  mixed  sample  through  an  aeration  stone  that 
produced  very  fine  bubbles  of  the  gas.  The  ozone  production 
rate  was  determined  by  measuring  the  amount  of  iodine  produced 
by  passing  the  ozone  through  a  2-percent  solution  of  potassium 
iodide  for  set  times.  The  amount  of  iodine  formed,  measured 
by  titration  with  standardized  sodium  thiosulfate  solution, 
indicated  50  mg/min  of  ozone  was  produced. 

The  chromium  waste  stream  was  pretreated  to  reduce 
hexavalent  chromium  using  sodium  bisulfite  (NaHSO^)  prior  to 
compositing  with  the  other  waste  streams.  The  composited  waste 
stream  was  adjusted  to  pH  9.2  using  caustic  soda  (NaOH).  In 
separate  experiments,  the  waste  stream  was  dosed  with  the 
calibrated  ozone  gas  stream  for  times  of  1,  2,  5,  10,  and  30 
minutes.  During  ozonation  the  floe  turned  from  a  green-blue  to 
brownish,  suggesting  oxide  formation.  In  the  contrived  waste 
stream,  which  contained  high  concentrations  of  metals,  the 
supernatant  became  visibly  yellow,  suggesting  that  the  chromium 
was  being  reoxidized  to  the  soluble  Cr  form.  This  was 
confirmed  by  analysis  (Table  39).  Although  the  results  of  the 
ozone  dosage  study  indicated  that  the  reduction  in  solids 
observed  in  the  screening  +tests  (using  hydrogen  peroxide)  was 
valid,  the  presence  of  Cr  0  in  the  effluent  precluded  use  of 
this  process.  The  use  of  ozone  did  not  result  in  any  gas 
evolution  during  clarification,  such  as  that  which  occurred  when 
hydrogen  peroxide  was  used. 


In  order  to  investigate  the  factors  involved  in 
chromium  oxidation  during  ozonation  an  additional  experiment  was 
performed.  Rapid  chromium  oxidation  is  evidently  due  to  the 
greater  redox  potential  of  ozone  (compared  to  peroxide).  During 
ozonation,  the  pH  decreased  from  its  original  value  of  9.2  to 
approximately  7.  Since  the  chromium  oxidation  may  be  pH- 
related,  the  500  mg/1  ozone  dosage  was  repeated  while  maintain¬ 
ing  pH  at  9.2,  using  caustic  soda  addition  (see  footnote  in 
Table  41).  A  reduction  was  noted  in  the  amount  of  hexavalent 
chromium  formed. 


TABLE  41.  OZONE  DOSAGE  STUDY 


Composite 

Ozone  Dosage 
(mg/1 ) 

TSS 
(mg/1 ) 

Nickel 
(mg/1 ) 

Copper 
(mg/1 ) 

Cadmium 
(mg/1 ) 

Chromium 
(mg/1 ) 

Contrived 

50 

352 

0.10 

0.01 

0.03 

4.81 

100 

202 

0.10 

0.01 

0.04 

6.95 

250 

166 

0.10 

0.01 

0.04 

12.8 

500 

170 

0.10 

0.01 

0.01 

27.8 

1500 

196 

0.45 

1.10 

0.94 

14.2 

500* 

172 

0.10 

0.01 

0.01 

12.2 

Robins 

50 

18.2 

_ 

— 

— 

— 

100 

15.1 

- 

- 

- 

- 

250 

15.3 

- 

- 

- 

- 

500 

16.4 

- 

- 

_ 

1.51 

1500 

18.7 

- 

- 

— 

- 

*pH  maintained 

at  9.2  using  NaOH 

. 

The 

ozonation 

process  was  further 

investigated  to 

determi ne 

if 

ozonation 

at  elevated  pH 

would 

retard  chromium 

oxidation 

yet 

still  favor  metal  oxide 

formation.  Prior  to 

compositing,  the  contrived  chromium  waste  stream  was  pretreated 
with  sodium  bisulfite  at  pH  2  to  reduce  hexavalent  chromium. 
The  pH  of  the  composited  wastewater  was  then  increased  and 
maintained  at  pH  10  with  caustic  soda  addition.  In  separate 
batches,  the  wastewater  was  dosed  with  various  quantities  of 
ozone  and  total  suspended  solids  (TSS)  and  metals  were  deter¬ 
mined  at  each  ozone  dosage  (Table  42).  The  first  visual  evi¬ 
dence  of  oxide  formation  (color  change)  occurred  at  a  jjlgsage  of 
150  mg  Oj/l  dosage,  but  at  this  point,  considerable  Cr  forma¬ 
tion  had  occurred  as  evidenced  by  high  chromium  levels  in  the 
supernatant.  The  best  effluent  quality  was  found  at  the  60  mg 
Oj/l  dosage  and  the  metal  levels  were  comparable  to  the  hy¬ 
droxide  treatment  in  the  screening  tests  (Table  38).  The 
improvement  in  TSS  concentration  is  due  to  the  use  of  caustic 
soda  in  this  test  rather  than  lime  used  in  the  screening  test. 


TABLE  4  2.  OZONE  DOSAGE  STUDY  CONTRIVED  WASTEWATER,  pH  10 


Ozone  Dosage 
(mg/1) 

TSS 

(mg/1) 

Nickel 

(mg/1) 

Copper 
(mg/1 ) 

Cadmium 

(mg/1) 

Chromium 

(mg/1) 

0 

185 

0.60 

0.91 

0.04 

4.98 

60 

126 

0.10 

0.03 

0.01 

0.90 

60 

171 

0.10 

0.01 

0.01 

0.66 

80 

182 

0.10 

0.13 

0.02 

4.74 

80 

148 

0.10 

0.12 

0.01 

4.84 

150 

154 

0.10 

0.01 

0.01 

6.47 

150 

131 

0.10 

0.02 

0.01 

6.28 

310 

160 

0.10 

0.27 

0.07 

16.0 

310 

167 

0.10 

0.  23 

0.  06 

13.64 

It  was  concluded  that  reoxidation  presents  a  serious 
disadvantage  when  applied  to  chromium  bearing  waste  streams. 
Ozone  simultaneously  converts  chromium  to  its  soluble  hexavalent 
form  while  causing  the  formation  of  oxides  of  the  other  metals 
present.  The  widespread  presence  of  chromium  in  metal  finishing 
wastewater  precludes  use  of  this  process.  Since  in  the  screen¬ 
ing  tests,  hydrogen  peroxide  treatment  showed  no  evidence  of 
chromium  oxidation  it  was  used  in  the  remainder  of  the  oxide 
precipitation  study. 

4.  Oxide  Precipitation 

The  new  test  consisted  of  seven  individual  runs  on 
each  wastewater.  Three  liters  of  contrived  wastewater  per  run 
produced  sufficient  quantities  of  sludge  for  the  study.  How¬ 
ever,  the  Robins  AFB  wastewater  produced  limited  quantities  of 
sludge  due  to  low  metals  concentrations.  Hence,  6  liters  of 
this  wastewater  per  run  were  used. 

In  each  run,  the  chromium  wastestream  was  pretreated 
with  sodium  bisulfite  to  reduce  chromium.  The  pH  of  the  com¬ 
posited  wastewater  was  increased  and  maintained  at  9.2  using 
caustic  soda.  Thirty  percent  hydrogen  peroxide  (HjC^)  solution 
was  added  while  monitoring  pH  and  oxidation  reduction  potential 
(ORP).  The  end  point  was  signaled  by  an  ORP  reading  of  +130  mV. 
The  addition  of  the  HjC^  was  made  over  a  period  of  30  minutes 
with  mixing  and  pH  adjustment.  The  reaction  appeared  to  lag 
behind  the  addition  of  treatment  chemicals.  Formation  of  dark 
brown  precipitate  occurred  as  the  ORP  approached  +130  mV.  The 
dosages  required  were  3  ml  H2O2  for  the  contrived  wastewater  and 
1  ml  for  the  Robins  AFB  wastewater.  Following  hydrogen  peroxide 
addition,  Magnif loc#836-A  was  added  at  a  concentration  of  2  mg/1 
to  aid  flocculation.  Settling  was  hindered  for  approximately  30 
minutes  after  treatment  due  to  gas  evolution. 

The  treated  wastewater  was  then  filtered  under  pres¬ 
sure  in  a  1-  liter  capacity  Millipore  pressure  filtration 
system  using  commercial  filter  media.  A  screening  study  using 


several  filter  medias  with  the  contrived,  treated  wastewater 
indicated  a  polypropylene  fabric  supplied  by  P  &  S  Textiles  of 
Skaneateles  Falls,  N.Y.  provided  reasonable  flow  rates  and 
visibly  good  filtrate  quality  and  this  media  was  used  throughout 
the  remainder  of  the  study.  Filtration  was  performed  at  20,  30, 
and  35  psig  and  the  results  are  shown  in  Table  43.  In  the 
contrived  wastewater  experiments,  the  filter  cake  was  removed 
after  each  run,  weighed,  and  its  moisture  content  determined. 
The  cake  was  not  easily  removed  and  had  to  be  scraped  from  the 
filter.  Between  runs,  the  filter  cloth  was  cleaned  with  dilute 
nitric  acid  and  rinsed  extensively  with  deionized  water.  The 
amount  of  sludge  produced  from  the  actual  Robins  AFB  wastewater 
was  too  small  to  collect  from  each  run,  so  the  filter  cake  was 
allowed  to  build  during  the  six  runs. 


TABLE  43.  FILTRATION  STUDY  ON  ROBINS  AFB  AND  CONTRIVED 
WASTEWATERS  (HYDROGEN  PEROXIDE) 


Wastewater 

Run  Pressure 
(PSIG) 

Filtration 
Volume  (ml) 

Filtration 
Time  (sec) 

Wet  Sludge* 
Weiqht  (g) 

Contrived 

15 

20 

2800 

750 

2.1 

16 

20 

2800 

715 

1.7 

17 

30 

2800 

730 

2.3 

18 

30 

2800 

705 

2.2 

19 

35 

2800 

680 

2.0 

20 

35 

2800 

640 

2.1 

Robins  AFB 

22 

20 

58100 

195 

1.8** 

23 

20 

5800 

175 

N 

24 

30 

5800 

220 

m 

25 

30 

5800 

210 

m 

26 

35 

5800 

185 

n 

27 

35 

5800 

170 

m 

*Weight  of 

sludge 

scraped 

from  filter 

cloth  at  percent  solids 

listed  in 

Table 

42. 

* ‘Weight  of 

sludge 

from  runs  22-27  combined. 

A  sample  of  the  filtrate  from  each  run  was  collected 
for  analysis.  Results  of  total  dissolved  solids  ( TDS ) ,  cyanide 
(CN),  and  metals  analyses  are  presented  in  Table  44.  The  level 
of  chromium  (total)  in  the  treated  effluent  was  determined  to 
fall  within  the  range  of  0.18  mg/1  to  0.32  mg/1  for  the  actual 
Robins  wastewater  and  0.59  mg/1  to  1.23  mg/1  for  the  contrived 
wastewater  (within  a  95-percent  confidence  limit).  Exceeding 
the  stipulated  effluent  regulations  is  therefore  unlikely  when 
the  oxide  precipitation  process  is  employed.  The  dry  weight  of 
sludge  produced  by  the  oxide  precipitation  process  was  deter¬ 
mined  to  fall  within  the  following  ranges  with  95-percent 
confidence  limits: 


Contrived  wastewater 
Actual  Robins  wastewater 


295.9  -  345.4  mg/1 
73.7  -  101.3  mg/1 


The  contrived  wastewater  is  used  for  comparative  purposes  with 
the  other  treatment  methods,  primarily,  due  to  the  larger 
original  metal  concentrations  and  hence  greater  accuracy  of 
measurement.  The  average  value  for  dry  weight  of  sludge  pro¬ 
duced  by  the  oxide  precipitation  process  is  321  mg/1.  The 
difference  in  dry  weight  of  sludge  produced  by  this  process,  as 
compared  with  the  dry  weight  of  sludge  produced  by  lime  treat¬ 
ment,  averaging  985  mg/1,  was  determined  to  be  significant  with 
nearly  100  percent  confidence. 


TABLE  44.  ANALYSIS  OF  HYDROGEN  PEROXIDE  TREATED 
AND  FILTERED  WASTEWATER 


Wastewater 

Run 

TSS 

TDS 

Cyanide 

Ni 

Cu 

Cd 

Cr 

(mq/1 ) 

(mg/1 ) 

(mg/1) 

(mq/1 ) 

(mg/1 ) 

(mg/1) 

(mg/1 ) 

Contrived 

15 

322 

2630 

0.05 

0.2 

0.02 

0.02 

0.85 

16 

345 

2210 

0.05 

0.2 

0.02 

0.02 

0.81 

17 

320 

2150 

0.05 

0.2 

0.02 

0.02 

0.78 

18 

290 

2840 

0.05 

0.2 

0.02 

0.02 

0.78 

19 

295 

2610 

0.05 

0.2 

0.02 

0.02 

0.79 

20 

342 

2370 

0.  05 

0.  2 

0.02 

0.02 

1.46 

Robins  AFB 

22 

88 

5150 

0.05 

0.2 

0.02 

0.02 

0.19 

23 

71 

5240 

0.05 

0.2 

0.02 

0.02 

0.21 

24 

78 

5320 

0.05 

0.2 

0.02 

0.02 

0.23 

25 

96 

0.05 

0.2 

0.02 

0.02 

0.21 

26 

84 

5420 

0.05 

0.2 

0.02 

0.02 

0.35 

27 

0.05 

0.  2 

0.02 

0.02 

0.31 

The  filter  cake  collected  for  each  run  was  subjected 
to  leachability  studies  using  the  EPA  EP.  For  this  purpose, 
filter  cakes  from  the  contrived  wastewater  were  combined  in 
pairs  (Runs  15  -  16,  17  -  18,  and  19  -  20).  Due  to  the  small 
quantity  of  sludge  from  the  Robins  AFB  wastewater,  Runs  22-27 
were  combined  for  a  single  leachability  study.  Solids  contents 
of  the  contrived  wastewater  filter  cakes  were  ranged  from  11.8 
percent  to  10.9  percent.  The  Robins  AFB  filter  cake  had  a 
solids  content  of  16.0  percent.  Results  of  the  leachability 
studies  presented  in  Table  45,  indicate  that  sludges  produced  by 
hydrogen  peroxide  treatment  (oxide  precipitation)  will  be 
hazardous  due  to  leaching  of  cadmium  and  chromium.  Calculations 
indicate  that  approximately  4  percent  of  the  cadmium  and  less 
than  0.5  percent  of  the  chromium  is  leached  during  the  EP  test. 

A  sample  of  wastewater  containing  sludge,  treated  by 
the  oxide  precipitation  process,  was  allowed  to  stand  overnight, 
after  which  it  was  observed  to  exhibit  the  yellow  color  charac¬ 
teristic  of  Cr  .  This  indicates  the  potential  instability  of 
the  sludge  produced  by  this  treatment  process. 


TABLE  45.  ANALYSIS  OF  SLUDGE  PRODUCED  BY  HYDROGEN  PEROXIDE 
TREATMENT  MOISTURE  CONTENT  AND  LEACHABILITY  STUDY 


Wastewater 

Run 

Solids 

% 

EP 

Ni 

Toxicit 

Cu 

y  (me 
Cd 

iZU _ 

Cr 

Contrived 

15,  16 

10.9 

6.73 

0.81 

3.15 

19.7 

17,  18 

11.8 

8.96 

0.37 

2.74 

18.5 

19,  20 

11.7 

5.14 

0.44 

5.40 

22.7 

Robins  AFB 

22-27 

15.4 

5.  98 

0.  56 

8. 15 

13.  4 

5.  Sodium  Borohydride  Treatment 

The  investigation  of  sodium  borohydride  (NaBH4)  treat¬ 
ment  was  performed  in  a  manner  analogous  to  that  for  the  oxide 
precipitation  process.  Sodium  borohydride  treatment  simultane¬ 
ously  reduces  hexavalent  chromium  while  precipitating  metals 
rather  than  simultaneously  oxidizing  cyanide  as*was  the  case  for 
the  oxide  precipitation  process.  While  most  common  plating 
metals  are  precipitated  as  base  metals  by  NaBH.  treatment, 
chromium  is  a  notable  exception.  Although  NaBH4  treatment 
reduces  Cr  ,  NaBH^  does  not  convert  it  to  the  base  metal. 
Chromium  is  most  likely  precipitated  in  the  alkaline  environment 
as  Cr(OH)3.  In  light  of  this,  sodium  borohydride  precipita¬ 
tion  was  performe^at  pH  8.6,  the  optimum  pH  for  hydroxide 
precipitation  of  Cr 

Both  the  contrived  wastewater  and  actual  wastewater 
obtained  from  Robins  AFB  were  used  in  this  study.  The  composi¬ 
tion  of  the  contrived  wastewater  is  shown  in  Table  39.  This 
study  consisted  of  seven  individual  runs  on  each  wastewater. 
Three  liters  of  contrived  wastewater  per  run  produced  sufficient 
quantities  of  sludge  for  this  study.  However,  the  Robins  AFB 
wastewater  again  produced  very  small  quantities  of  sludge  so 
6  liters  per  run  was  used. 

The  cyanide  wastestream  was  pretreated  by  alkaline 
chlorination  prior  to  compositing  with  the  other  wastestreams. 
Sodium  borohydride  was  added  as  a  12-percent  solution  stabilized 
in  40  percent  caustic  soda  (NaOH).  During  the  addition  of  the 
NaBH4  reagent,  the  pH  was  maintained  at  8.6  +  0.5  by  sulfuric 
acid h(H2S04)  additions.  The  reaction  was  carried  out  at  room 
temperature  with  30  minutes  mixing  time. 

The  amount  of  sodium  borohydride  used  was  determined 
by  adding  approximately  three  times  the  theoretical  amount 
necessary  to  reduce  each  heavy  metal  constituent  to  its  ele¬ 
mental  form.  Each  sodium  borohydride  molecule  provides  eight 
electrons,  as  shown  below: 

NaBH.  +  HNaOH  +  4MSO.  - ►  NaBO.  +  4H_SO,  +  8M 

4  4  2  2  4 


8 

« 


Based  on  this  premise,  4  milliliters  of  the  12  percent  NaBH, 
reagent  were  added  to  the  3  liters  of  contrived  wastewater  ana 
1  ml  was  added  to  the  6  liters  of  Robins  AFB  wastewater. 

During  NaBH^  addition,  the  wastewater  was  observed  to 
rapidly  darken,  forming  a  brown  precipitate.  Hydrogen  gas 
formation  accompanied  the  metal  reduction  and  settling  was 
hindered  for  approximately  1  hour.  The  formation  of  large  heavy 


floe 


aided 


addition 


mg/1  Magnif loc  836-A.  Small 


dense  particles,  in  addition  to  large  heavy  floe,  were  observed 
in  the  settled  sludge  providing  qualitative  evidence  of  base 
metal  formation. 

The  treated  wastewater  was  then  filtered  under  pres¬ 
sure  in  the  Millipore  pressure  filtration  apparatus.  In  the 
contrived  wastewater  tests,  the  filter  cake  was  removed  after 
each  run.  The  cake  was  weighed  and  its  moisture  content  deter¬ 
mined.  Most  of  the  filter  cake  was  readily  loosened  with  a 
spatula.  Between  runs,  the  filter  was  cleaned  with  dilute 
nitric  acid  and  rinsed  extensively  with  deionized  water.  The 
amount  of  sludge  produced  from  the  actual  wastewater  from  Robins 
AFB  was  too  small  to  collect  from  each  run  and  so  the  filter 
cake  was  allowed  to  build  during  the  six  runs  (8-13).  During 
filtration,  there  was  no  evidence  of  clogging,  although  the 
initial  filtration  rate  was  much  higher  than  subsequent  rates;. 
Filtation  was  performed  at  pressures  of  20,  30,  and  35  lb/in  g 
(Table  46). 

TABLE  46.  FILTRATION  STUDY  ON  ROBINS  AFB  AND  CONTRIVED 
WASTEWATERS  (SODIUM  BOROHYDRIDE) 


Wastewater 


Pressure 

(PSIG) 


Filtration 
Volume  (ml) 


Filtration 
Time  (sec) 


Sludge* 
Weight (g ) 


Contrived  1 

20 

2800 

880 

1.9 

2 

20 

2800 

865 

2.0 

3 

30 

2800 

605 

2.0 

4 

30 

2800 

630 

2.0 

5 

35 

2800 

520 

1.8 

6 

35 

2800 

515 

1.9 

Robins  AFB  8 

20 

5800 

245 

1.9** 

9 

20 

5800 

310 

N 

10 

30 

5800 

215 

If 

11 

30 

5800 

230 

N 

12 

35 

5800 

195 

H 

13 

35 

5800 

195 

N 

*Weight  of  sludge 

scraped 

from  filter  cloth 

i  at 

percent  solids 

listed  in  Table 

48. 

**Weight  of  sludge 

from  runs  8-13  combined. 

A  sample  of  the  filtrate  from  each  run  was  collected 
for  analysis.  Results  of  total  dissolved  solids  (TDS),  cyanide 
(CN)  and  metals  analyses  are  presented  in  Table  47.  In  addition, 
total  suspended  solids  (TSS)  of  the  mixed  unfiltered  sludge  is 
shown  in  this  table. 


TABLE  47.  ANALYSIS  OF  SODIUM  BOROHYDRIDE  TREATED 
AND  FILTERED  WASTEWATER 


Run 

TSS 

(mg/1) 

TDS 
(mg/1 ) 

Cyanide 
(mg/1 ) 

Nickel 
(mg/i ) 

Copper 
(mg/1 ) 

Cadmium 
(mg/1 ) 

Chromium 
(mg/1 ) 

Cr  ( +6 ) 
(mg/1 ) 

1 

314 

2930 

0.1 

0.01 

0.01 

0.05 

0.05 

2 

2370 

0.05 

0.1 

0.01 

0.01 

0.05 

3 

2930 

0.05 

0.1 

0.01 

0.01 

0.05 

4 

2380 

0.05 

0.1 

0.01 

0.01 

0.05 

0.05 

5 

306 

2220 

0.05 

0.1 

0.01 

0.01 

0.05 

6 

2670 

0.05 

0.1 

0.01 

0.01 

0.05 

0.05 

8 

84 

5900 

0.05 

0.1 

0.02 

0.01 

0.05 

0.05 

9 

76 

6220 

0.05 

0.1 

0.01 

0.01 

0.05 

0.05 

10 

81 

5890 

0.1 

0.01 

0.01 

0.05 

0.05 

11 

75 

3900 

0.05 

0.1 

0.02 

0.01 

0.05 

0.05 

12 

66 

6180 

0.05 

0.1 

0.01 

0.01 

0.05 

0.05 

13 

78 

5660 

0.  1 

0.01 

0.  01 

The  pollutant  levels  were  very  low  in  the  filtered 
effluent  for  both  the  Robins  wastewaters  and  the  contrived 
wastewaters.  Samples  from  the  contrived  wastewaters  (Run  7)  and 
Robins  wastewaters  (Run  14)  were  allowed  to  settle  after  the  gas 
evolution  ceased.  A  sample  of  the  unfiltered  supernatant  was 
analyzed  (Table  48).  The  pollutant  metal  levels  were  similar  to 
the  filtered  values  for  nickel,  cadmium  and  copper.  The  chromium 
levels  were  somewhat  higher. 


TABLE  48.  ANALYSIS  OF  SODIUM  BOROHYDRIDE  TREATED 
AND  UNFILTERED  WASTEWATER 


Wastewater 

Run 

SS 

Nickel 

Copper 

Cadmium 

Chromium 

(ml/1) 

(mg/1 ) 

(mg/1 ) 

(mg/1 ) 

(mg/1 ) 

Contrived 

7 

110 

0.01 

0.02 

0.01 

0.44 

Robins  AFB 

14 

10 

0.01 

0.  01 

0.01 

0.09 

The  low  levels  of  Cd,  Cu,  and  Ni  are  consistent  with 
the  premise  that  NaBH^  treatment  precipitates  these  as  base 
metals.  The  higher  levels  of  chromium  reflect  that  this  metal 


is  precipitated  as  a  lighter  hydroxide  floe.  Close  visual 
inspection  of  the  supernatant  revealed  small  quantities  of 
suspended  floe,  even  after  several  hours  of  settling. 


The  dry  weight  of  sludge  produced  by  the  NaBH.  treat¬ 
ment  process  was  determined  to  fall  within  the  fc&lowing 
ranges  with  95  percent  confidence: 

Contrived  wastewater  293.7  mg/1  -  323.6  mg/1 
Actual  Robins  wastewater  70.2  mg/1  -  83.2  mg/1 

The  results  of  the  NaBH.  treatment  (runs  1-6  Table  47)  compared 
with  lime  treatment  (WWl,  30  min  Table  32)  show  the  NaBH^  pro¬ 
duced  almost  75  percent  less  sludge  on  a  dry  weight  basis. 

The  filter  cake  collected  for  each  run  was  analyzed 
for  moisture  content  and  then  subjected  to  leachability  studies 
using  the  EP  test.  For  this  purpose,  filter  cakes  from  the 
contrived  wastewater  were  combined  in  pairs  (Runs  1,  2,  3,  4,  5 
and  6).  Due  to  the  small  quantity  of  sludge  from  the  Robins  AFB 
wastewater.  Runs  8-13  were  combined  for  a  single  leachability 
study.  Solids  contents  of  the  contrived  wastewater  filter  cakes 
ranged  from  14.2  to  14.7  percent.  The  filter  cake  produced  from 
the  combined  filtration  of  36  liters  of  Robins  wastewater  had  a 
solids  content  of  approximately  32  percent. 

Results  of  the  leachability  study,  presented  in  Table 
49,  indicate  that  sludges  produced  by  NaBH .  precipitation 
are  hazardous  due  to  the  leaching  of  cadmium  ana  chromium  during 
the  EP  test.  Calculations  indicate  that  less  than  0.5  percent 
of  the  chromium  available  in  the  sludge  leaches  during  the  EP 
test.  However,  approximately  12  percent  of  the  precipitated 
cadmium  becomes  soluble  at  a  pH  of  5. 

TABLE  49.  ANALYSIS  OF  SLUDGE  PRODUCED  BY  SODIUM  BOROHYDRIDE 
TREATMENT 


Moisture  Content  and  Leachability  Study 


Wastewater 

Run 

Solids 

% 

EP  Toxicity  (mg/1) 

N  i  ck  e  1 

Copper 

Cadmium 

Chromium 

Contrived 

1,  2 

14.7 

13.2 

0.74 

12.4 

28.3 

3,  4 

14.6 

14.5 

1.20 

12.5 

16.7 

5,  6 

14.2 

9.46 

1.21 

9.84 

10.3 

Robins  AFB 

8-13 

31.6 

8.  56 

2.03 

20.  3 

13.7 

6.  Summary  of  Detailed  Testing 

The  evaluation  of  oxide  precipitation  using  ozone 
revealed  a  serious  disadvantage  to  this  treatment  methodology. 
Ozone  rapidly  oxidizes  chromium  to  its  soluble  hexavalent  form. 


This  results  in  unacceptably  high  chromium  levels  in  the  efflu¬ 
ent.  Hydrogen  peroxide  (H2O2)  treatment  was,  therefore,  further 
evaluated  as  a  method  to  accomplish  oxide  precipitation.  While 
the  preliminary  screening  test  did  not  show  evidence  of  chromium 
oxidation,  it  did  occur  at  a  much  reduced  rate.  Large  excesses 
of  H2C>2  produced  yellow  supernatants  indicative  of  high  levels 
of  hexavalent  chromium  (Cr  ; .  Also  allowing  the  unfilter^g 
H2C>2  treated  wastewater  to  stand  overnight  produced  higher  Cr 
levels.  This  indicates  that  the  sludge  produced  by  the  H202 
treatment  may  be  unstable  posing  potentially  serious  problems. 
The  dry  weight  of  sludge  produced  by  oxide  precipitation, 
averaging  321  mg/1,  was  approximately  one-third  the  amount 
produced  by  conventional  lime  treatment  and  was  of  better 
handling  quality.  The  difference  in  dry  weight  of  sludge 
produced  was  determined  to  be  significant  with  nearly  100 
percent  confidence.  The  sludge  failed  the  EP  test,  leaching 
hazardous  quantities  of  both  cadmium  and  chromium  by  RCRA 
definition.  The  effluent  produced  by  the  oxide  precipitation 
process  using  H202  was  found  to  meet  federal  effluent  guidelines 
with  a  95-percent  confidence  level.  This  effluent,  however,  did 
not  meet  the  AF  lower  objective  levels  defined  in  Table  25. 

Sodium  borohydride  treatment  of  the  wastewaters  was 
demonstrated  to  be  a  viable  treatment  methodology  for  mixed 
plating  and  metal  finishing  wastewaters.  Many  common  metals  are 
simultaneously  precipitated  as  base  metals  and  hexavalent 
chromium  is  reduced  and  precipitated  as  a  hydroxide.  The  mixed 
hydroxide /base  metal  sludge  filtered  well  and  a  very  high 
quality  effluent  was  produced.  The  dry  weight  of  sludge  gener¬ 
ated  by  NaBH4  treatment,  averaging  309  mg/1,  approximately  one- 
third  that  produced  by  lime  treatment,  was  of  superior  handling 
quality.  The  difference  in  dry  weight  of  sludge  was  determined 
to  be  significant  with  100  percent  confidence.  Additional 
treatment  steps  may  be  required  since  hydrogen  evolution  hampers 
sludge  settling.  The  sludge  produced  by  this  treatment  process 
failed  the  EP  test,  leaching  hazardous  quantities  of  both 
cadmium  and  chromium.  The  effluent  produced  by  the  NaBH^  treat¬ 
ment  process  was  determined  to  meet  federal  effluent  guidelines 
with  a  95-percent  confidence  level.  In  most  cases,  the  concen¬ 
tration  of  metals  was  below  detection  limits.  The  sodium 
borohydride  treatment  was  the  only  process  which  approached  the 
AF's  lower  objective  levels  (Table  25). 

The  oxide  precipitation  and  sodium  borohydride  treat¬ 
ments  were  determined  to  reduce  the  dry  weight  of  sludge  pro¬ 
duced  in  comparison  with  lime  treatment  with  close  to  100 
percent  confidence.  However,  the  difference  in  average  values 
of  dry  weight  of  sludge  produced  by  these  two  experimental 
processes  does  not  display  statistical  significance.  Thus,  on 
the  basis  of  the  data  obtained,  there  is  no  meaningful  differ¬ 
ence  between  the  amounts  of  sludge,  on  a  dry  weight  basis,  pro¬ 
duced  by  oxide  precipitation  and  sodium  borohydride  treatment. 


INVESTIGATING  SLUDGE  TREATMENT  TECHNOLOGIES 


A.  INTRODUCTION 

The  objective  of  this  phase  was  to  investigate  methods  of 
reducing  costs  associated  with  the  disposal  of  treatment 
sludges.  Disposal  costs  are  a  function  of  the  sludge  volume, 
hauling  distance,  and  disposal  fee,  hence  the  overall  cost  could 
be  reduced  by  either  reducing  the  sludge  volume  or  detoxifying 
the  waste.  The  latter  method  would  allow  for  delisting  of  the 
waste  (see  Section  II)  and  its  disposal  in  sanitary  landfills 
with  relatively  low  disposal  fees.  Sludges  used  during  this 
phase  of  the  project  were  generated  by  using  sodium  borohydride 
and  the  two  chemicals  currently  used  at  ALCs,  lime  and  caustic 
soda  to  treat  the  contrived  wastewater. 

The  technologies  selected  for  investigation  were  identified 
from  the  literature  or  developed  by  project  personnel.  Initial 
screening  tests  were  performed  to  determine  the  applicability  of 
the  technologies  to  AF  sludges. 

After  the  screening  tests  were  complete,  the  results  were 
evaluated  and  several  technologies  were  selected  for  additional 
testing.  More  detailed  tests  were  then  performed  to  develop 
design  criteria  and  cost  data.  The  results  of  the  screening 
tests  and  detailed  tests  are  contained  in  this  section. 

B.  SCREENING  TESTS 

The  following  technologies  were  identified  as  potential 
sludge  treatment  techniques: 

•  Heat  treatment 

•  Barium  compound  addition 

•  Solidification 

•  Sludge  aging 

•  Leaching  plus  segregated  treatment  or  recovery 

•  Sludge  washing 

To  evaluate  the  potential  applicability  of  these  technologies, 
sludge  was  generated  using  the  sodium  borohydride  precipitation 
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process  and  the  contrived  wastewater  used  in  the  metal  removal 
study  (Table  50).  The  cyanide  wastestream  was  pretreated  by 
alkaline  chlorination  prior  to  mixing  with  the  other  wastestream 
components.  The  sludge  produced  from  individual  batches  was 
filtered,  mixed,  and  analyzed  for  percent  moisture,  total  metals 
and  EP  toxicity.  Approximately  350  grams  of  sludge  was  produced 
with  a  moisture  content  of  86.0  percent.  The  total  metals  in 
the  sludge  are  shown  in  Table  51.  EP  extraction  results  are 
shown  in  Table  52. 

TABLE  50.  COMPOSITION  OF  CONTRIVED  WASTEWATER  FOR  TASK  III 
COMPREHENSIVE  STUDIES  AND  TASK  IV 


Constituent 


Concentration 


Chemical  Used 


Cr  (N03  )  -v .  9H-.0 


Cd (NO, ) 


Na2CO 

Na~CO 


TABLE  51, 


Metal 

Cr+6 

Cr,  total 

Cd 

Ni 

Cu 


Na2CO 

Na,SO 


TOTAL  METALS  ANALYSIS  RESULTS  SODIUM 
BOROHYDRIDE  TREATMENT  SLUDGE 

mg/kg  Wet  Sludge 
( 86%  Moisture ) 

33.5 

33700 

880 

410 

534 


for  Delisting 


Information  from  the  literature  and  the  results  of  the 
screening  tests  for  each  of  the  identified  technologies  are  as 
follows: 

1.  Solidification 

The  use  of  solidification  for  rendering  wastes  non- 
hazardous  has  been  widely  investigated.  For  the  treatment  of 
inorganic  sludges,  the  most  effective  systems  involve  the  use  of 
Portland  cements,  lime  based  mortars,  lime-pozzolan  cements  such 
as  lime  and  fly  ash,  and  some  mixed  inorganic-organic  materials 
(Reference  7). 

Portland  cement,  the  most  common  material,  is  prepared 
by  sintering  fixed  portions  of  calcium  carbonate  and  alumino¬ 
silicate  in  a  kiln  at  a  very  high  temperature.  This  process 
produces  a  powder  which  is  primarily  made  up  of  calcium  sili¬ 
cates.  The  silicates  give  the  cement  its  property  of  hardening 
in  the  presence  of  water  (Reference  8). 

The  composition  of  commercial  Portland  cement  is  a 
mixed  system  of  three  oxides — calcium,  silicon  and  aluminum — as 
well  as  various  impurities  such  as  iron  oxide  and  lime.  Hydra¬ 
tion  of  silicate  compounds  is  largely  responsible  for  the 
hardening  or  "setting"  of  Portland  cement/water  mixtures.  The 
hydration  products  form  a  colloidal  calcium-silicate-hydrate 
gel.  In  the  hardened  cement  this  gel  comprises  about  70  percent 
by  volume  of  the  material  and  thus  forms  the  main  bonding 
between  unreacted  cement  and  other  crystalline  products  of 
hydration  (Reference  8).  These  hydration  products  are  of  most 
interest  in  treating  persistent  inorganic  wastes. 

Another  material  which  has  been  utilized  for  solidify¬ 
ing  industrial  wastes  is  fly  ash,  a  byproduct  of  pulverized- 
coal-burning  power  plants.  Fly  ash  is  typically  used  as  an 
additive  to  a  cement/waste  mixture  to  improve  its  bonding 
characteristics.  Fly  ash  has  also  been  used  with  lime/waste 
mixtures  in  a  commercial  application  (Reference  9). 

The  physical  and  chemical  phenomena  associated  with 
solidification  of  wastes  have  been  well  investigated  (Refer¬ 
ence  7).  As  reported  in  the  literature,  the  colloidal  metal 
hydroxides  present  in  sludge  become  members  of  the  cement 
matrix.  As  water  is  added  or  the  available  moisture  is  utilized 
the  cement  particles  begin  to  hydrate  and  form  the  calcium- 
silicate-hydrate  gel.  Along  with  this  gel  formation  comes  the 
formation  of  various  crystalline  hydration  products  such  as 
calcium  hydroxide  and  various  heavy  metal  hydroxides.  These 
products  form  in  the  interstices  of  the  cement  matrix.  During 
the  final  stages  of  hydration  the  gel  swells  to  the  point  where 
particle  overlap  occurs  and  silica  fibrils  develop.  Eventually, 
all  of  the  hydration  byproduct  crystals  grow  to  their  maximum 
size  and  are  either  overlapped  by  fibrils  or  grow  into  the 
particle  gel  itself.  The  interlocking  of  the  fibrils  and  the 
formation  of  various  hydration  products  binds  the  cement  and 
other  components  of  the  mix  into  a  rigid  mass  (Reference  7). 
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Unreactive  materials  that  are  blended  with  the  cement  prior  to 
gel  formation  and  setting  can  become  encased  in  the  solid 
matrix.  These  materials  are  not/  in  fact,  chemically  bound  to 
the  solid  but  their  mobility  is  restricted  because  of  physical 
entrapment  (Reference  7)„ 

Portland  cements  and  lime-based  materials  have  been 
used  to  immobilize  radioactive  and  military  wastes  (Reference 
10),  heavy  metal  industry  waste  sludges  from  plating  operations 
(Reference  9),  toxic  industrial  wastes  such  as  arsenic-bearing 
sludges,  and  for  stabilizing  silts  and  solids  for  land  reclama¬ 
tion  (Reference  7). 

A  problem  encountered  in  achieving  stabilization  is 
that  each  waste  has  its  own  particular  set  of  chemical  require¬ 
ments.  Slight  alterations  in  chemical  additives  to  the  un¬ 
reacted  cement  may  be  required  to  achieve  the  most  stable 
product.  Avenues  for  approaching  this  problem  must  be  addressed 
on  a  case-by-case  basis. 

After  passage  of  the  RCRA  hazardous  waste  regulations 
the  status  of  solidification  technologies  with  respect  to 
delisting  was  unclear,  since  EPA  indicated  that  there  was  some 
concern  over  the  long-range  stability  of  solidified  hazardous 
wastes.  More  recently,  however,  the  EPA's  "multiple"-extraction 
procedure  allows  a  waste  generator  to  test  for  delisting  a 
solidified  material.  This  multiple  procedure  was  not  developed 
at  the  start  of  this  project  so  to  determine  the  effectiveness 
of  solidication  on  AF  sludges,  the  following  test  was  performed: 
Ten  grams  of  wet  (14  percent  solids)  sludge  was  mixed  with  50 
grams  Portland  cement  and  60  grams  fly  ash.  Sixty  grams  of 
water  was  added  and  the  sample  was  well  mixed.  This  mixture  was 
poured  into  a  cylindrical  paper  mold,  positioned  on  a  watch 
glass,  and  cured  in  an  oven  at  65®C  (150°F)  for  48  hours.  The 
tube  was  slowly  cooled,  keeping  the  paper  mold  moistened. 

This  curing  produced  a  solid  weighing  119.4  grams. 
This  entire  sample  was  then  subjected  to  the  Structural  Integri¬ 
ty  Procedure  as  specified  by  RCRA  test  procedures.  The  sample 
broke  into  three  large  pieces  and  a  small  amount  of  fragmented 
material.  One  hundred  grams  of  the  sample  was  then  tested  using 
the  EP  toxicity  procedure. 

The  results  of  the  extraction  (Table  52)  revealed  that 
the  sludge  is  nonhazardous.  During  the  extraction,  the  parti¬ 
cles  remained  intact.  Although  the  sludge  was  nonhazardous  the 
mass  of  sludge  produced  was  increased  about  10-fold. 

2.  Gel  Destruction 

The  hydroxide  precipitation  process  yields  a  gela¬ 
tinous  precipitate  that  absorbs  water  and  holds  it  tenaciously 
making  these  precipitates  difficult  to  dewater.  Experiments 
conducted  previously  (References  1,11)  showed  evidence  that  when 
a  freshly  formed  inorganic  gel  is  allowed  to  stand  (or  age)  at 


room  temperature  and  humidity,  changes  occur  in  the  solid  masses 
which  are  chemical  and  physical  in  nature.  The  gel  becomes  less 
hydrous;  its  solubility,  peptizabi lity ,  and  absorption  capacity 
decreases.  It  appears  that,  with  time,  the  metal  hydroxides, 
typical  of  fresh  sludge,  are  converted  to  metal  oxides.  The 
oxides  of  chromium,  cadmium,  nickel,  copper  and  zinc  have  low 
water  solubility,  less  than  0.1  mg/1,  and  could  be  rendered 
nontoxic.  Therefore,  three  methods  of  gel  destruction  were 
investigated:  sludge  aging,  heat  treatment  and  chemical 

destruction  using  ammonium  chloride. 

a.  Sludge  Aging 

Results  of  previous  work  indicated  that  sludge 
aging  could  detoxify  plating  sludges  in  90  days.  Aging  also 
proved  to  be  a  reasonably  good  method  of  sludge  volume  reduction 
since  the  majority  of  interstitial  water  evaporated  during  the 
process.  Using  similar  test  procedures,  a  sodium  borohydride 
sludge  sample  was  aged  for  30  days  at  ambient  temperature  and 
humidity  conditions. 

The  EP  test  results,  presented  in  Table  52,  do 
not  indicate  that  any  significant  reduction  in  leachability 
occurred  during  the  30-day  test  period. 

b.  Heat  Treatment 

Heat  treatment  at  low  or  moderate  temperatures 
was  investigated  as  a  means  of  accelerating  the  "aging"  process. 
Twenty  grams  of  sludge  (wet  welqht)  were  heated 
for  an  8-hour  period  at  temperatures  of  120°C  (250°F)  and  260°C 
(500°F).  The  final  weight  of  the  120°C  sample  was  reduced  to 
2.6  grams  and  the  260°C  sample  was  reduced  to  2.3  grams.  The 
samples  were  then  extracted  by  the  EP  toxicity  procedure  (based 
on  their  final  weights).  The  260cC  treated  sludge  showed 
immediate  evidence  of  leaching.  The  16-fold  extraction  water 
turned  dark  yellow  indicating  large  amounts  of  hexavalent 
chromium.  The  120°C  heat  treatment  resulted  in  a  nonhazardous 
sludge.  The  leachability  of  all  metals  was  dramatically  reduced. 
In  addition,  the  quantity  of  sludge  was  reduced  eightfold.  The 
results  of  the  heat  treatment  studies  are  presented  in  Table  52. 

c.  Sludge  Washing 

It  was  hypothesized  that  sludge  gels  could  be 
destroyed  chemically  by  changing  the  ionic  environment,  thereby 
disrupting  the  attractive  forces  present  in  the  colloids  of  the 
gel.  To  accomplish  this  goal  ammonium  chloride,  a  relatively 
inexpensive  salt  was  selected  as  the  washing  compound. 

The  screening  test  was  conducted  by  combining 
equal  weights  of  dewatered  sodium  borohydride  or  lime  sludge 
with  a  0.1  percent  ammonium  chloride  solution  in  plastic  con¬ 
tainers  and  mixing  vigorously  for  30  seconds.  The  mixtures  were 


then  dewatered  under  conditions  identical  to  the  initial  dewater¬ 
ing  step  and  the  sludge  was  weighed.  The  results  (Table  53) 
showed  20-25  percent  sludge  weight  decreases.  The  effect  of 
washing  was  most  noticeable  with  the  sodium  borohydride  sludge 
which  lost  most  of  its  gelatinous  appearance.  The  EP  test 
(Table  53)  indicated  that  washing  increased  leaching  in  the 
sodium  borohydride  sludge  and  had  little  effect  on  the  leaching 
characteristics  of  the  lime  sludge. 

A  combined  test  was  performed  during  the  screen¬ 
ing  phase  to  determine  if  heat  treatment  of  a  washed  sludge  had 
any  additional  effect  on  sludge  leaching.  The  results  show 
combining  these  processes  (Table  53)  increased  the  leaching  of 
copper  and  a  decreased  leaching  of  cadmium  and  chromium  as 
compared  with  sludge  that  was  only  washed. 

3.  Leaching  Study 

Twenty- gram  quantities  of  sludge  were  subjected  to 
leaching  with  three  equal  consecutive  aliquots  of  pH  adjusted 
water  totalling  a  ten-fold  water  to  sludge  ratio.  Three  pH 
values  were  tested  (pH  3.5,  7.0,  and  10.5).  Acidic  adjustments 
of  deionized  water  were  performed  using  HjSO^.  Basic  adjust¬ 
ments  were  made  with  NaOH. 

The  sludge  was  mixed  with  an  aliquot  of  pH  adjusted 
water  for  approximately  10  minutes,  centrifuged  and  decanted. 
This  procedure  was  repeated  with  each  aliquot.  The  extracts 
were  analyzed  for  metals  (Table  54)  and  the  sludge  subjected  to 
EP  extraction.  The  EP  results  are  shown  in  Table  52.  The  level 
of  chromium  leachability  was  significantly  reduced,  but  still 
exceeded  the  RCRA  limits  for  toxicity.  The  level  of  Cd  leaching 
remained  essentially  unchanged.  Ni  and  Cu  showed  moderate 
reductions. 

4.  Barium  Compound  Addition 

This  experiment  used  barium  acetate  to  aid  in  heavy 
metal  precipitation.  Barium  acetate  was  added  at  a  ratio 
of  2.6  parts  to  1  part  Cr  during  NaBH.  treatment  at  pH  8.6.  The 
resulting  sludge  was  filtered  with  the  filtrate  analyzed  for 
metals,  and  the  sludge  extracted  by  the  EP  toxicity  procedure. 
The  results,  presented  in  Tables  52  and  54,  indicate  a  signifi¬ 
cant  decrease  in  Cr  leaching.  However,  the  sludge  is  still 
classified  as  hazardous  due  to  levels  of  Cr  and  Cd  leaching. 

C.  DETAILED  TESTING 

The  results  of  the  screening  tests  shewed  that  several 
promising  technologies  exist  for  reducing  sludge  volumes  and/or 
reducing  the  leaching  of  hazardous  contaminants.  The  following 
technologies  were  selected  for  further  testing: 


•  Solidification 


II 

Si 


TABLE  53.  SLUDGE  WASHING  -  SCREENING  TESTS 


Effect  on  Sludge  Wteight 


Vo  lime  of  ,  Weight  of  Sludge 
Initial  Weight  NH.C1  Added1  After  Dewatering  %  Change  in 
(a)  ^(ml)  (q)  Sludae  Weiaht 


NaBH4  (dewatered) 

40 

40 

Lime  (dewatered) 

22 

22 

*0.1%  NH4C1  solution. 

EP  Results 

CrT 

Gd 

Ni 

Sludge 

mJl 

m/l 

mg/1 

NaBH4  (no  treatment) 

4.02 

4.73 

1.9 

NaBH4  (washed) 

11.18 

5.71 

2.1! 

Lime  (no  treatment) 

<0.10 

0.04 

<0.21 

Lime  (washed) 

<  0.10 

<0.02 

<0.21 

NaBH.  (washed  &  heat 

3.55 

1.39 

3.41 

treatment) 

83 

•  Heat  treatment 


•  Barium  compound  addition 

•  Sludge  washing 

•  Sludge  aging* 

Laboratory  experiments  under  this  detailed  testing  phase 
were  conducted  over  a  period  of  several  months  with  each  new  set 
of  tests  based  on  results  of  the  prior  tests.  The  five  technol¬ 
ogies  were  applied  to  sludges  generated  by  sodium  borohydride, 
sodium  hydroxide,  and  lime  precipitation. 

Prior  to  each  set  of  tests,  a  sufficient  volume  of  sludge 
was  generated  from  contrived  wastewater,  with  the  exception  of 
the  barium  compound  addition  test  which  is  done  in  conjunction 
with  the  precipitation  process.  The  sludges  were  filtered  and 
an  EP  Extraction  was  performed  on  each  to  provide  baseline  data 
on  the  leaching  characteristics  of  the  sludges. 

1.  Solidification 

During  the  screening  tests,  sludge  solidification 
using  Portland  cement  and  fly  ash  was  investigated.  A  10-gram 
sample  of  dewatered  sodium  borohydride  sludge  (14  percent 
solids)  was  mixed  with  50  grams  cement,  60  grams  fly  ash  and  60 
grams  water.  The  mixture  (1.3  percent  sludge  on  a  dry  weight 
basis)  was  placed  into  a  cylindrical  paper  mold  and  cured  in  an 
oven  at  65°C  (150°F)  for  48  hours.  The  resultant  material  was 
well  solidified  and  resisted  breaking  when  subjected  to  the 
integrity  test.  The  results  of  an  EP  showed  that  the  material 
leached  less  than  1  mg/1  of  each  metal;  thereby  meeting  the 
delisting  criteria. 

One  objective  of  the  Phase  2  tests  was  to  determine 
the  maximum  percentage  of  sludge  that  could  be  added  without 
making  a  hazardous  solid  or  one  that  easily  crumbled  or  powder¬ 
ed.  Another  objective  was  to  determine  if  the  solidification 
process  was  applicable  to  lime  and  sodium  hydroxide  sludges. 
Further,  since  the  energy  intensiveness  of  oven  curing  would  add 
to  the  operating  costs,  air  curing  would  also  be  investigated  in 
the  detailed  testing  phase. 

The  first  test  in  this  detailed  testing  phase  was  a 
composition  study  where  various  ratios  of  sodium  borohydride 
sludge,  fly  ash,  and  cement  were  mixed  and  cured  in  an  oven  at 
65°C  for  48  hours.  Data  and  observations  from  the  initial 


*The  screening  results  for  sludge  aging  were  not  impressive; 
however,  it  was  selected  for  detailed  testing  because  a 
previous  project  showed  some  success  with  this  technique. 
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composition  study  are  presented  in  Table  55.  After  curing,  the 
samples  were  analyzed  using  the  BP.  During  the  BP  each  of  the 
samples  used  the  maximum  amount  of  acetic  acid  with  the  final 
extract  pH  ranging  from  9.8  to  10.9.  The  EP  results  are  pre¬ 
sented  in  Table  56.  The  material  tested  nonhazardous  up  to  15.3 
percent,  the  maximum  used  in  the  testing. 


TABLE  55.  SOLIDIFICATION  -  COMPOSITION  STUDY  OBSERVATIONS 


Sludge 

(g) 

Fly  Ash 

(g) 

Cement 

(g) 

Water 

(g) 

%  Sludge 

Integrity* 

10 

60 

50 

60 

1.6 

Very  good 

20 

50 

50 

60 

3.5 

Very  good 

30 

40 

50 

60 

5.7 

Good 

40 

30 

50 

60 

CO 

. 

u> 

Acceptable 

50 

20 

50 

60 

11.4 

Poor 

60 

10 

50 

60 

15.3 

Very  good 

‘Integrity  is  a  relative  term  which  describes  the  ability  of  the 
solidified  material  to  hold  together  under  pressure.  Samples 
with  very  good  integrity  are  not  easily  broken  and  do  not 
powder,  very  poor  samples  tend  to  crumble  easily. 


TABLE  56.  SOLIDIFICATION  -  COMPOSITION  STUDY  EP  RESULTS 


(mg/1 ) 

Sludge 

Cr+6 

CrT 

Cd 

Ni 

Cu 

1.6 

0.14 

0.46 

0.06 

<0.20 

0.06 

3.5 

0.62 

0.48 

<0.02 

<0.20 

<0.05 

5.7 

0.40 

0.51 

<0.02 

<0.20 

0.05 

8.3 

0.84 

0.62 

<0.02 

<0.20 

<0.05 

11.4 

0.40 

0.35 

<0.02 

<0.20 

<0.05 

15.3 

0.78 

0.55 

<0.02 

<0.20 

<0.05 

Note:  Oven  temperature  set  at  65°C,  NaBH^  sludge  used  in 
testing. 


Additional  tests  were  performed  during  Phase  2  to 
further  investigate  the  solidification  technology.  First,  the 
sodium  borohydride  sludges  were  again  used  in  a  composition 
study  in  an  attempt  to  maximize  the  percentage  of  sludge  in  the 
mixture.  During  this  test,  a  minimal  amount  of  water  was  used 
in  making  the  mixtures.  The  percentage  of  sludge  in  the  samples 
ranged  from  4.5  to  18.2  percent.  The  samples  were  cured  in  an 
oven  (65°C)  for  8  hours.  All  samples  cured  to  an  acceptable 
integrity.  An  EP  was  performed  on  the  sample  with  the  highest 
percentage  of  sludge.  The  results  of  the  test  are  presented  in 
Table  57,  showed  the  material  tested  nonhazardous. 


TABLE  57.  SOLIDIFICATION  -  COMPOSITION  STUDY  (II) 


Wet 

Sludge 

<g) 

Dry 

Sludge 

(%) 

Fly  Ash 

(g) 

Cement 

(q) 

Water 

(Q) 

Integrity 

10 

4.5 

21 

21 

19.5 

Very  good 

20 

9.0 

20 

20 

11.5 

Very  good 

30 

13.6 

19 

19 

3.5 

Very  good 

40 

18.2 

18 

18 

0 

Good 

_ EP  Results _ 

Dry  Sludge  , 

(%)  Cr  b  Cr  Cd  Ni  Cu 


18.2 _ 0.42  0.02  0.20  0.05 


A  curing  time  study  was  also  performed  during  Phase  2. 
For  this  test,  10  grams  of  sodium  borohydride  sludge  was  solidi¬ 
fied  with  60  grams  fly  ash,  50  grams  cement  and  60  grams  water. 
The  mixtures  were  cured  in  the  same  manner  as  the  composition 
study  samples  except  for  varying  curing  times  (8  hr,  24  hr, 
48  hr).  After  curing,  each  sample  was  inspected  and  all 
appeared  adequately  cured  and  were  classified  as  "very  hard." 
The  EP  test  was  applied  to  each  sample  and  again  all  available 
acetic  acid  was  used  with  final  extract  pH  ranging  from  9.8  to 
10.7.  The  EP  results  for  the  curing  time  study  are  presented  in 
Table  58.  Again,  all  samples  tested  nonhazardous. 


TABLE  58.  SOLIDIFICATION  -  CURING  TIME  STUDY  EP  RESULTS 


Curing  Time  (hr)a 

%  Sludge 

„  +6 

Cr 

CrT 

Cd 

Ni 

Cu 

8 

1.6 

0.24 

0.35 

0.02 

0.20 

0.05 

24 

1.6 

0.22 

0.40 

0.02 

0.20 

0.05 

48 

1.6 

0.14 

0.46 

0.06 

0.20 

0.06 

To  determine  if  solidification  was  applicable  to 
sludges  currently  produced  at  the  ALCs,  the  methodology  was 
applied  to  a  lime  sludge.  As  a  screening  test#  one  sample  was 
mixed  containing  50  grams  sludge  (42  percent  solids),  50  grams 
cement,  20  grams  fly  ash  and  60  grams  water.  The  sample  was 
cured  at  65°C  for  48  hours.  After  curing,  the  leaching  proper¬ 
ties  of  the  sample  were  tested,  using  the  EP.  The  results  are 
presented  in  Table  59. 

A  second  lime  sludge  test  (Sets  2  and  3)  was  conducted 
to  determine  (1)  if  the  mixtures  could  be  cured  under  atmos¬ 
pheric  conditions  rather  than  oven  curing  and  (2)  the  approxi¬ 
mate  time  for  curing.  Initially  (Set  2),  four  samples  were 
mixed  with  the  same  composition  (80  grams  wet  sludge  at  42 
percent  solids,  36  grams  cement,  36  grams  fly  ash,  40  grams 
water)*  and  put  into  cylindrical  molds.  The  samples  were  cured 
in  air  at  room  temperature,  and  every  24  hours  a  sample  was 
examined  to  determine  if  curing  was  complete.  The  results  of 
the  test,  presented  in  Table  59,  showed  curing  complete  after  2 
days. 

A  combined  lime  solidification  study  was  then  per¬ 
formed  (Set  3)  to  further  evaluate  the  effect  of  coiqposition  and 
curing  methods.  In  the  combined  study,  four  different  composi¬ 
tions  were  used  with  the  percent  sludge  varying  from  31.8 
percent  to  79.5  percent  (dry  weight  basis).  Two  samples  were 
prepared  for  each  mixture  (eight  samples  total)  and  placed  into 
cylindrical  molds.  For  each  mixture,  one  sample  was  cured  at 
atmospheric  conditions  and  one  was  placed  in  a  closed  100  ml 
plastic  container.  The  closed  container  was  used  to  determine 
if  the  mixtures  could  "set-up"  without  drying.  The  conditions 
in  the  closed  container  approximate  the  conditions  in  a  large 
mold  which  would  be  required  on  a  full-scale  application.  In 
such  a  situation,  the  sludge  mixture  in  the  center  of  the  mold 
would  not  be  exposed  to  the  atmosphere  and  drying  would  there¬ 
fore  be  relatively  slow.  The  samples  were  observed  on  a  daily 
basis  to  determine  when  the  sanple  cured.  After  curing,  the 
samples  were  examined  for  integrity.  The  results  of  the  com¬ 
bined  study  presented  in  Table  59  showed  no  detrimental  effect 
of  enclosing  the  sanple  on  curing,  although  curing  took  longer. 
The  maximum  percentage  of  sludge  that  could  be  mixed  with  the 
solidifying  materials  was  48  percent. 

Various  materials  and  processes  are  being  marketed  for 
the  solidification  and  detoxification  of  hazardous  wastes.  One 
such  product**  was  tested  to  determine  if  some  potential  exists 
for  its  use.  This  product  was  selected  because  it  did  not 
contain  cement  or  fly  ash  and  therefore  was  distinctly  different 


‘Equivalent  to  32  percent  sludge  solids  on  a  dry  weight  basis. 
“Anschutz  Absorbent  for  hazardous  liquid  waste  solidification. 


TABLE  59.  S0LID1FCATI0N — LIME  SLUDGE 


Set  1  -  {imposition  Study 
35%  Solids 


Composition 


Sludge  (g)  %  Solids  Cement  Fly  Ash  Vfeter  Integrity 

wet/d 


50/17.5 


Very  good 


Material 
Sludge  only 
Solidified  material 


EP  Results  (mq/1) 


Cr 

Cd 

Ni 

Cu 

.15 

.02 

.54 

.15 

.37 

.03 

.2 

.2 

Set  2  -  Air- Caring  Study 


Caring  Time 
Days 


good 

Very  good 
Very  good 
Very  good 


Set  3  -  Combined  Study 


Sludge  (g)  %  Sludge  Cement  Fly 


Wet/Dry 

1  40/16.8 

2  60/25.2 

3  80/33.6 

4  100/42.0 


(Dry  Wt.) 


Ash  <g)  .(g) 


Required 
Curing 
Water  Time-days 


31.8 

18 

18 

10 

1.5/3 

47.7 

13.8 

13.8 

5 

1.5/3 

63.6 

9.6 

9.6 

0 

1.5/- 

79.5 

5.4 

5.4 

0 

1.5/- 

Integrity 


very  good/very  good 
good/good 
poor/poor 

very  poor/Very  poor 


from  other  solidification  mixtures  tested  previously  under  this 
project.  This  material  is  characterized  by  its  manufacturers  as 
a  mineral  absorbent. 


The  material  was  tested  with  lime,  sodium  borohydride 
and  sodium  hydroxide  sludges.  The  mixtures  selected  were 
approximately  equal  to  the  optimal  sludge  solids /total  solids 
ratios  found  for  each  sludge  using  the  cement  fly  ash  mixture 
(no  directions  for  using  the  material  were  supplied  by  the 
manufacturer).  Lower  ratios  were  not  considered  since  they 
would  increase  the  total  sludge  volume  above  volumes  achievable 
with  the  cement/fly  ash  mixtures. 

The  mixtures  were  prepared,  placed  into  cylindrical 
tubes  and  set  out  under  room  conditions  in  open  containers  and 
checked  periodically.  It  was  observed  after  several  days  that 
the  mixtures  had  dried;  however,  the  material  failed  to  solidify 
the  sludges  (Table  60). 

TABLE  60.  SOLIDIFICATION  -  CLAY  MATERIAL 


Sludge  Type 

Sludge  g 
Wet/Dry 

%  Sludge 
Ifcy 

Clay 
Dry  q 

Water  g 

Results* 

Lime  (50%  solids) 

40/20 

50 

20 

21 

Did  not  solidify 

Sodium  Borohydride 
(10%  solids) 

50/5 

25 

15 

0 

Did  not  solidify 

Sodium  Hydroxide 
(10%  solids) 

55.6/5 

25 

15 

0 

Did  not  solidify 

*Ob6ervations  during  30-day  period. 


2.  Barium  Compound  Addition 

During  the  screening  tests,  barium  acetate  was  added 
during  sodium  borohydride  treatment  and  while  the  sludge  re¬ 
mained  hazardous,  there  was  a  significant  decrease  in  chromium 
leaching  (Table  61).  For  the  detailed  testing,  barium  carbonate 
was  used  in  place  of  barium  acetate  in  an  attempt  to  improve  the 
results.  The  barium  carbonate  was  added  at  the  same  ratio,  2.6 
parts  to  1  part  chromium,  but  the  method  for  adding  the  barium 
carbonate  was  varied  in  Phase  2.  First  (Case  1),  the  chemical 
was  added  immediately  following  sodium  borohydride  precipitation 
(pH  8.6)  and  the  solution  was  mixed  for  30  minutes.  Secondly 
(Case  2),  the  barium  carbonate  was  added  prior  to  the  addition 
of  sodium  borohydride.  Directly  after  the  addition  of  the 
barium  carbonate,  the  pH  was  measured  at  4.8.  The  pH  was 
then  adjusted  and  precipitation  with  sodium  borohydride  was 
performed. 
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TABLE  61.  BARIUM  COMPOUND  ADDITION 


TEST 

Cr* 

CrT 

Cd 

Ni 

Cu 

Screening:  EP  Test  on  Sludge  without 
Barium  Compound  Addition 

— 

57.8 

2.45 

11.4 

0.84 

Screening:  EP  Test  on  Barium  Acetate 
Sludge 

0.25 

17.6 

10.5 

5.90 

0.60 

Detailed  Test:  EP  Test  on  Sludge 
without  Barium  Compound  Addition 

0.25 

26.0 

11.9 

6.09 

1.20 

Detailed  Test:  EP  Test  on  Barium 
Carbonate  Sludge  (Case  1) 

0.05 

49.8 

16.0 

5.39 

9.33 

Detailed  Test:  Barium  Carbonate 
Filtrate  (Case  1) 

0.06 

0.05 

0.02 

0.05 

0.05 

Detailed  Test:  EP  Test  on  Barium 
Carbonate  Sludge  (Case  2) 

0.23 

145 

7.84 

5.01 

4.92 

Detailed  Test:  Barium  Carbonate 
Filtrate  (Case  2) 

0.52 

0.40 

0.02 

0.05 

0.20 

EP  Toxicity  Limits 

— 

5.0 

1.0 

— 

— 

In  Case  1  it  appeared  that  the  barium  carbonate  only 
slightly  dissolved  while  in  Case  2,  the  barium  carbonate  dis¬ 
solved  completely.  In  each  case  the  sludge  produced  was  fil¬ 
tered,  the  filtrate  was  analyzed  for  metals,  and  an  EP  was 
performed  on  the  sludge.  The  analytical  results,  presented  in 
Table  61,  indicate  that  the  barium  carbonate  causes  the  sludges 
to  leach  greater  amounts  of  metals,  especially  chromium. 
Case  1  was  increased  192  percent  and  Case  2,  558  percent. 

3.  Heat  Treatment 

During  the  screening  tests,  EP  results  from  the  sodium 
borohydride  sludges  subjected  to  heating  showed  a  dramatic  tem¬ 
perature  variance.  The  sludge  treated  at  the  lower  temperature 
leached  less  than  1  mg/1  for  each  of  the  metals  while  the  sludge 
treated  at  the  higher  temperature  leached  over  2,520  mg/1  total 
chromium  and  hazardous  amounts  of  both  cadmium  (16.3  mg/1)  and 
nickel  (74.3  mg/1). 

This  phase  of  testing  concentrated  on  determining  the 
optimal  temperature  and  time  for  sludge  drying.  For  the  time 
study,  20-gram  quantities  of  sludge  were  subjected  to  continuous 
heat  treatment  at  120°C  with  times  varied  from  1  to  8  hours.  An 
EP  was  run  on  each  of  the  samples  and  the  results  are  contained 
in  Table  62.  Although  heat  treatment  reduced  the  metal  leach- 
ability,  all  the  sludge  samples  still  tested  hazardous. 
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TABLE  62.  HEAT  TREATMENT  -  TIME  STUDY  EP  RESULTS 


(mg  A) 


Treatment  Time  (hr)* 

Final  Wt  (g) 

Cr* 

CSj, 

Cd 

Ni 

Cu 

0 

15.4** 

0.10 

57.8 

2.45 

11.4 

0.84 

1 

7.0 

0.05 

1.53 

2.96 

1.40 

0.75 

2 

3.8 

0.05 

3.59 

6.09 

3.03 

1.05 

4 

2.6 

1.25 

4.04 

3.44 

2.57 

0.83 

6 

3.4 

0.29 

5.25 

4.07 

2.96 

0.98 

8 

3.2 

0.28 

3.48 

4.08 

2.70 

1.30 

EP  Toxicity  Limits 

— 

— 

5.0 

1.0 

— 

— 

*A11  sarples  were  subjected  to  a  tenperature  of  120°C  for  the  specified  time. 

**The  original  weicfrt  of  all  sarples  was  20  grams.  This  sanple  was  subjected 
to  air  drying  for  8  hours  during  which  some  weight  loss  occurred. 


The  heat  treatment  time  study  results  indicate  that 
the  time  required  for  complete  drying  at  120°C  is  approximately 
2  hours  and  the  leaching  of  metals  was  not  greatly  affected  by 
increasing  the  drying  time.  In  fact#  the  lowest  leaching  levels 
of  treated  samples  are  found  in  the  sample  that  was  heated  for 
only  1  hour.  That  sample  contained  approximately  50  percent 
solids  after  the  1-hour  drying  period. 

The  temperature  study  was  performed  on  two  different 
batches  of  sodium  borohydride  sludge.  The  first  set  of  samples 
was  taken  from  the  same  sludge  batch  as  was  used  for  the  time 
study.  All  samples  started  with  a  weight  of  20  grams.  The 
results  for  the  two  sets  are  presented  in  Table  63. 

The  temperature  study  results  indicate  that  the 
tenperature  has  a  very  significant  effect  on  the  leaching  of 
some  metals,  especially  chromium  and  nickel.  By  increasing  the 
temperature,  leaching  slowly  decreases  to  a  point  (approximately 
100*C)  and  then  increases  rapidly.  The  EP  results  for  chromium 
(Set  1),  displayed  graphically  in  Figure  10,  further  illustrate 
this  observation. 

The  two  sets  of  data  show  an  inconsistency.  Set  1, 
although  showing  a  reduced  leachabi li ty ,  still  leached  at 
hazardous  levels,  but  Set  2,  which  was  a  more  limited  test, 
showed  leachate  metal  concentration  below  the  EP  toxicity  limit. 
The  Set  2  results  were  similar  to  the  screening  test  results. 
No  explanation  for  the  variability  of  the  results  was  found. 
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TABLE  63.  HEAT  TREATMENT  -  TEMPERATURE  STUDY  EP  RESULTS 


Treatment 

(mg/1) 

Tenperature* 

Final  Wt  (g)  Cr*6  CrT 

(°C) 

Cd 

Ni 

Cu 

Set  1 


20 

15.4 

0.10 

57.8 

16.65 

11.4 

0.84 

40 

13.0 

0.10 

62.9 

15.6 

11.4 

0.73 

60 

4.8 

0.05 

4.00 

4.83 

2.83 

1.46 

80 

3.0 

0.05 

3.59 

4.23 

2.44 

0.63 

100 

3.4 

0.11 

3.32 

4.50 

2.96 

0.75 

120 

3.2 

0.28 

3.48 

4.08 

2.70 

1.30 

160 

2.8 

23.7 

24.9 

4.36 

9.28 

1.07 

200 

3.0 

373 

199 

5.97 

21.6 

1.59 

Set  2 

80 

— 

— 

0.10 

0.04 

0.20 

0.11 

100 

— 

— 

1.21 

0.21 

0.39 

0.05 

EP  Toxicity  Limits 

— 

— 

5.0 

1.0 

— 

— 

*A11  sanples  were  subjected  to  the  specified  tenperature  for  8  hr. 


4.  Sludge  Washing 

The  screening  tests  indicated  that  sludge  weights 
could  be  reduced  by  20  to  25  percent  by  washing.  A  series  of 
tests  was  run  during  this  phase  to  confirm  the  screening 
results,  investigate  the  effects  of  varying  process  parameters, 
such  as  the  optimal  concentration  of  ammonium  chloride,  and 
investigate  the  effects  of  washing  on  various  sludge  types. 

First  the  screening  test  was  repeated  using  40  grams 
of  dewatered  lime,  caustic  soda,  and  sodium  borohydride  sludges. 
The  sludges  were  mixed  with  equal  weights  (40  grams)  of  0.1 
percent  ammonium  chloride  solution  in  plastic  lab  containers 
and  vigorously  agitated  for  30  seconds.  The  sludge  slurries 
were  then  dewatered,  using  Millipore  filtering  apparatus, 
the  solids  measured,  and  an  EP  analysis  was  performed.  The 
results  of  the  tests  (Table  64)  indicated  that  the  caustic  soda 
and  sodium  borohydride  sludges  improved  considerably?  the 
weights  of  the  two  sludges  were  reduced  by  39  percent.  However, 
the  weight  of  the  lime  sludge  increased  5  percent.  The  leach- 
ability  of  all  three  sludges  was  not  significantly  affected  by 
the  washing  process. 

A  second  test  was  performed  on  the  caustic  soda  sludge 
to  investigate  the  effect  of  varying  the  concentration  of  ammon¬ 
ium  chloride  in  the  wash  water.  The  sludge  was  precipitated 


TABLE  64.  SLUDGE  WASHING 


Effect  on  Sludge  Weight 

Before  Washing  After  Washing 

Sludge  Weight  (g)  %  Solids  Weight  (g)  %  Solids 


Lime 

40.0 

42.0 

42.0 

40.0 

Caustic  Soda 

40.0 

9.0 

25.7 

14.0 

Sodium  Borohydride 

40.0 

10.0 

25.0 

16.0 

EP  Results 

CrT 

mg/1 

Cd 

Ni 

Cu 

Sludge 

mg/1 

mg/1 

mg/1 

Lime  Before  Washing 

0.50 

.10 

0.20 

0.20 

Lime  After  Washing 

0.60 

.10 

.20 

0.10 

Caustic  Before  Washing 

33.0 

12.2 

3.90 

0.20 

Caustic  After  Washing 

29.5 

16.2 

5.20 

0.25 

NaBH4  Before  Washing 

5.0 

18.5 

10.0 

1.70 

NaBH4  After  Washing 

4.5 

22.4 

13.0 

1.60 

from  the  contrived  wastewater,  dewatered,  divided  into  four 
batches  and  washed  with  the  following  ammonium  chloride  solu- 


tions: 

e 

0 

percent  (dionized  water) 

• 

0. 

1  percent  NH^Cl 

e 

1 

percent  NH4C1 

e 

5 

percent  NH^Cl 

The  results  of  the  test  (see  Case  1,  Table  65)  indi¬ 
cate  that  the  concentration  of  ammonium  chloride  had  little 
effect  on  the  ability  of  the  washing  process  to  increase  de- 
waterability. 

After  completion  of  the  above  test,  some  concern  was 
raised  on  the  appropriateness  of  comparing  the  final  solids 
content  of  the  individual  sludges  to  the  solids  content  of  the 
initial  dewatered  sludge,  which  was  dewatered  in  one  large 
batch.  The  nature  of  the  dewatering  device  may  cause  the 
individual  sludges  which  are  of  smaller  volume  to  dewater  at  a 
different  rate  than  the  original  batch,  thereby  affecting  the 
results.  The  test  procedure  was,  therefore,  adjusted.  After 
precipitation,  the  dilute  solids  were  removed  from  the  treatment 
vessel,  divided  into  five  batches  and  dewatered  separately.  The 
dewatered  sludges  were  then  washed  with  varying  concentrations 
of  ammonium  chloride  solution.  The  results  (see  Case  2,  Table 
65)  indicated  that  wa  hing  improved  the  dewaterability  of  the 
sludge  as  did  ?  gher  ncentrations  of  ammonium  chloride.  An  EP 
analysis  was  id  on  the  5-percent  and  10-percent  washed 
sludges  which  s’  vwed  a  moderate  decrease  in  chromium  leaching 
but  an  overall  insignificant  effect. 


TABLE  65.  SLUDGE  WASHING  -  VARYING  WASH  SOLUTIONS 


CASE  1 

Wash  Solution 
Concentration 
(%  NH4C1) 

Solids  Concentration 
Before  Washing 

Solids  Concentration 
After  Washing 

0% 

10% 

16% 

0.1% 

10% 

15% 

1.0% 

10% 

14% 

5.0% 

10% 

15% 

CASE  2 

Effect  on  Sludge  Weight 


Wash  Solution 

Concentration  Solids  Concentration  Solids  Concentration 

(%  NH4C1 )  Before  Washing  After  Washing 


0  % 

11% 

13% 

0.1% 

9% 

13% 

1.0% 

11% 

13% 

5.0% 

10% 

18% 

10  % 

9% 

22% 

EP  Results 

Crx 

Cd 

Ni 

Cu 

Sludge 

mZl 

mgZi 

mq/1 

mg/1 

Washed  with  5% 

9.38 

39.8 

12.8 

2.39 

Washed  with  10% 

15.3 

32.0 

11.2 

2.29 

Unwashed 

17.5 

31.8 

11.1 

1.25 

The  procedure  used  throughout  the  testing  consisted  of 
two  dewatering  steps,  one  after  precipitation/settling  and  one 
after  washing.  Since  this  second  dewatering  step  may  signifi¬ 
cantly  increase  the  load  on  a  dewatering  device,  a  test  was 
performed  to  determine  the  effect  of  directly  washing  the  dilute 
settled  solids  from  the  precipitation  process.  During  this  test 
the  settled  solids  were  removed  and  divided  into  six  batches. 
One  batch  was  dewatered  and  the  others  were  washed  with  varying 
concentrations  of  ammonium  chloride  solution  (0  percent,  0.5 
percent,  1.0  percent,  5.0  percent,  10.0  percent).  After 
washing,  the  sludges  were  then  dewatered.  The  results  of  solids 
concentration  analysis  (Table  66)  indicate  that  direct  washing 
does  not  increase  sludge  dewaterability .  The  unwashed  sludge 
which  was  simply  dewatered  actually  showed  the  highest  solids 
concentration. 

5.  Sludge  Aging 


Although  the  screening  test  for  the  sludge  aging 
process  did  not  generate  a  sludge  that  tested  nontoxic,  work 
performed  under  an  independent  study  has  generated  a  nontoxic 


sludge  after  aging  for  a  longer  period  of  time.  Based  on  these 
findings,  it  was  decided  to  include  sludge  aging  in  the  detailed 
test  program. 


TABLE  66.  SLUDGE  WASHING  -  EFFECTS  OF  DIRECT  WASHING 


Wash  Solution 
Concentration 
(%  NH4C1) 

Solids  Concentration 
Before  Washing 

Solids  Concentration 
After  Washinq 

Unwashed 

12.9% 

_ 

0% 

— 

10.0% 

0.5% 

— 

11.0% 

1.0% 

— 

12.2% 

5.0% 

— 

10.7% 

10.0% 

— 

11.9% 

An  EP  extraction  was  performed  on  a  sodium  borohydride 
sludge  after  aging  for  50  and  80  days  (  a  30-day  aging  period 
used  in  the  screening  tests).  The  results  of  the  EP  are  shown 
in  Table  67.  The  additional  aging  resulted  in  chromium  and 
cadmium  levels  in  the  extract  below  EP  toxicity  limits.  All 
metals,  with  the  exception  of  nickel,  leached  in  lower  concen¬ 
trations  after  80  days  of  aging-  compared  to  50  days  of  aging. 


TABLE  67. 

SLUDGE  AGING 

-  EFFECT 

OF  AGING 

PERIOD 

EP 

Results 

Cr 

Cd 

Cu 

Fe 

Ni 

(mg/1) 

(mg/1) 

(mg/1) 

(mg/1) 

(mg/1) 

Aged 

50  days 

3.50 

0.84 

0.35 

2.85 

0.45 

Aged 

80  days 

2.60 

0.63 

0.25 

1.07 

0.67 

EP  Toxicity  Limits _ 5.  0 _ 1. 0 


SECTION  VII 


PROTOTYPE  DESIGNS 


A.  INTRODUCTION 

The  results  of  the  metal  removal  and  sludge  volume  reduc¬ 
tion  studies  show  several  technologies  that  could  reduce  costs 
of  treating  Air  Force  electroplating  wastewaters  by  either 
reducing  the  volume  of  sludge  requiring  disposal  or  rendering 
the  sludge  nonhazardous.  Prototype  systems  have  been  designed 
and  capital  and  operating  costs  have  been  estimated. 

Based  on  the  results  of  the  laboratory  tests  the  following 
technologies  were  selected  for  this  design  phase: 

•  Heat  treatment 

•  Sludge  washing 

•  Sludge  aging 

•  Solidification 

9  Sodium  borohydride  precipitation 

B.  HEAT  TREATMENT  PROCESS 

The  sludge  will  be  maintained  at  a  temperature  between 
60°C  and  125#C  for  1  hour  in  a  rotary  dryer  to  maintain  the 
time /temperature  requirements  specified  by  the  lab  results.  To 
use  a  rotary  dryer,  however,  the  sludge  must  be  essentially 
solid  in  nature.  In  the  proposed  process,  this  is  done  by  first 
dewatering  and  then  mixing  with  an  appropriate  amount  of  dried 
sludge. 

Sizing  of  process  equipment  was  based  on  the  2,010  cubic 
yards  of  sludge  disposed  of  annually  by  the  00-ALC  (solids 
content  of  10  percent  by  weight)  (Reference  10).  This  amounts 
to  365,000  lb/yr  of  dry  solids.  The  heat  treatment  process  is 
fed  by  underflow  from  the  existing  clarifier.  It  is  assumed 
that  the  underflow  has  a  solids  content  of  1  percent.  Assuming 
2000  hours  of  operation  per. year,  the  feed  rate  to  the  system  is 
2200  gallons  per  hour  of  dilute  (1  percent  solids)  sludge. 

1.  Process  Description 

The  process  flow  diagram  in  Figure  11  shows  the 
equipment  associated  with  the  heat  treatment  process.  The 
clarifier  underflow  gravity  drains  to  an  in-ground  filter  feed 
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tank  (T-l).  The  tank  volume  represents  approximately  5  hours  of 
retention  capacity.  The  tank  is  equipped  with  level  control 
instrumentation  to  automatically  start  the  filter  feed  pumps  (Pi 
and  2)  when  the  tank  level  exceeds  the  high-level  set  point  and 
stop  the  pumps  when  it  goes  below  the  low-level  set  point. 

Air-operated  diaphragm  pumps  are  specified  for  the 
filter  press  feed  pumps.  These  pumps  are  reliable  for  sludge 
handling/  are  able  to  pass  debris  up  to  1  inch  in  diameter  and 
have  a  performance  curve  well  suited  for  filter  press  operation. 
They  should  be  valved  to  provide  the  option  of  simultaneous  or 
individual  service.  They  require  an  air  supply  of  100  psig  to 
achieve  the  pressure  necessary  to  give  reasonable  cake  dryness. 
If  air  is  not  available  at  this  pressure,  consideration  should 
be  given  to  a  centrifugal  pump  designed  to  handle  slurries. 

The  filter  press  (F-l)  is  a  recessed  plate  type,  using 
polypropylene  plates  on  a  carbon  steel  frame  with  a  cake-holding 
capacity  of  65  cubic  feet.  Assuming  a  cake  solids  concentration 
of  20  percent  by  weight,  the  press  was  sized  for  two  cycles  per 
day  with  a  25-percent  capacity  safety  factor.  Presses  of  this 
size  are  typically  equipped  with  a  hydraulic  ram  for  press 
closure  and  a  mechanical  plate-shifting  mechanism. 

The  cake  discharges  from  the  press  into  a  trough  below 
containing  a  triple-screw  conveyor  (C-l).  The  conveyor  will 
break  up  the  cake  and  transport  it  to  a  single-screw  conveyor 
(C-2)  which  will  carry  the  cake  to  a  solids  mixer  (M-l).  The 
mixer  will  blend  the  dewatered  sludge  with  dried  sludge  that  has 
already  been  processed  through  the  dryer.  The  ratio  of  recycled 
sludge  necessary  to  achieve  a  nonsticking  mixture  must  be 
determined  by  testing.  Possibly,  this  piece  of  equipment  is  not 
required.  The  mixer  was  sized  based  on  the  assumption  that  one 
part  dewatered  sludge  is  blended  with  one  part  dried  sludge. 

The  dryer  (D-l),  burner,  and  air  handling  system  are 
part  of  a  package  unit  including  a  4-foot  diameter  by  24  foot 
long  free-standing  rotary  dryer,  a  blower  with  a  rated  capacity 
of  6,200  scfm  of  air  at  50°C,  a  burner  capable  of  heating  that 
volume  of  air  to  125°C  and  a  cyclonic  dust  separator  to  remove 
entrained  particles  from  the  dryer  exhaust.  At  that  air  flow, 
the  dryer  could  evaporate  800  pounds  of  water  per  hour.  The 
burner  fuel  consumption  would  be  approximately  1  million  Btu/hr 
of  natural  gas.  Residence  time  in  the  dryer  is  a  function  of 
dryer  pitch  (i.e.,  degrees  off  horizontal),  rotation  speed  and 
velocity  of  the  countercurrent  air  flow.  With  a  dryer  of  this 
size  and  an  average  feed  rate  of  370  pounds  per  hour  of  solids 
(this  includes  185  pounds  of  recycle),  the  dryer  will  easily 
provide  the  needed  retention  time.  The  natural  gas  burner  can 
be  controlled  either  on  inlet  air  temperature  or  dry  solids 
temperature. 

The  dried  solids  exit  the  dryer  and  are  conveyed  (C-3) 
to  a  10,000-gallon  elevated  storage  tank  (T-2)  to  inventory  the 
material  prior  to  final  disposal.  The  original  sludge  volume 
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will  be  reduced  from  2,200  gallons  per  hour  of  clarifier  under¬ 
flow  to  180  pounds  per  hour  of  dry  solids.  The  storage  volume 
should  provide  enough  capacity  to  store  the  solids  generated  for 
a  100-day  period. 

2.  Capital  and  Operating  Costs 

The  cost  of  the  equipment  components  are  presented  in 
Table  68.  The  costs  for  major  components  are  based  on  vendor 
quotes.  The  total  installed  cost  for  the  system  is  $460,200 
which  includes  estimates  for  contingency  (20  percent)  and  engineer¬ 
ing  (20  percent) . 

The  annual  operating  costs  for  the  sludge  heat  treat¬ 
ment  process  are  presented  in  Table  69.  It  is  assumed  that  the 
system  will  require  8  hours  of  labor  per  day.  Fuel  costs  for 
the  dryer  are  based  on  the  equipment  vendor's  estimate.  The 
sludge  hauling  and  disposal  costs  are  based  on  the  assumption 
that  the  heat-treated  sludge  can  be  disposed  locally  at  a 
nonhazardous  site.  The  total  annual  operating  cost  is  $30,620. 

Conparing  the  Hill  AFB  current  hauling  and  disposal 
costs  ($120,600)*  to  the  heat-treatment  process  costs  indicates 
that  an  annual  savings  of  approximately  $90,000  is  expected. 
This  savings  would  represent  a  return  on  the  $460,000  investment 
of  20  percent  and  a  simple  payback  period  of  5.1  years. 

C.  SLUDGE-WASHING  PROCESS 

During  laboratory  tests  the  ammonium  cloride  (NH4C1) 
sludge-washing  process  proved  to  be  an  effective  method  for 
decreasing  the  water  content  and  volume  of  sludge.  The  tests 
indicated  that  the  solids  content  of  sludge  could  be  effectively 
doubled; using  a  5  percent  or  10  percent  NH4C1  wash  solution. 

The  selected  process  design  operates  on  a  batch  basis  and 
involves  dewatering  the  clarifier  underflow  using  a  filter 
press,  reslurrying  the  dewatered  sludge  from  the  filter  press  by 
mixing  the  sludge  with  an  equal  weight  of  10  percent  ammonuim 
chloride  solution,  then  dewatering  this  mixture  a  second  time. 
Filtrate  from  the  first  press  cycle  is  returned  to  the  treatment 
process.  Filtrate  from  the  second  press  cycle  is  recycled  for 
the  reslurrying  operation  or  discharged  to  the  treatment  process 
on  alternate  batches,  providing  one-time  reuse  of  the  NH4C1 
solution. 

Process  equipment  was  again  sized  for  OO-ALC.  The  sludge¬ 
washing  process  is  also  fed  by  underflow  from  the  existing 
clarifier.  Assuming  2000  hours  of  operation  per  year,  the  feed 
rate  to  the  system  is  2200  gallons  per  hour  of  dilute  (1  percent 
solids)  sludge. 
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TABLE  69.  HEAT  TREATMENT  ANNUAL  OPERATING 
COSTS  AND  SAVINGS 


Annual  Operating  Costs 

Labor  at  $8/hr  (1  operator/shift) 

Chemicals 

Utilities 

Natural  Gas  at  $5/MM  Btu 
Electricity  at  $. 07/kWh  3 

Sludge  Hauling  and_Disposal  (108  ydvyr) 
Hauling  at  $5/ydJ  3 
Disposal  at  $10/ydJ 

Total  annual  cost 


$16,000 

N.R. 

10,000 

3,000 

540 

1,080 

$30,620 


Annual  Savings 

Current  cost  for  hauling  and  disposal 
Projected  cost  for  heat  treatment 
Savings 


$120,600 
30,620 
$  89,980 


1.  Process  Description 

The  process  flow  diagram  in  Figure  12  shows  the 
equipment  associated  with  the  sludge-washing  process.  The 
clarifier  underflow  gravity  drains  to  an  in-ground  filter  feed 
tank  (T-l).  The  tank  volume  represents  approximately  4  hours  of 
retention  capacity.  The  tank  is  equipped  with  level  control 
instrumentation  to  automatically  start  the  filter  feed  pumps  (Pi 
and  2)  when  the  tank  level  exceeds  the  high-level  set  point  and 
stop  the  pumps  when  it  goes  below  the  low-level  set  point. 

Air-operated  diaphragm  pumps  are  specified  for  the 
filter  press  feed  pumps.  These  pumps  are  reliable  for  sludge 
handling,  are  able  to  pass  debris  up  to  1  inch  in  diameter  and 
have  a  performance  curve  well  suited  for  filter  press  operation. 
They  should  be  valved  to  provide  the  option  of  simultaneous  or 
individual  service.  They  require  an  air  supply  of  100  psig  to 
achieve  the  pressure  necessary  to  give  reasonable  cake  dryness. 
If  air  is  not  available  at  this  pressure,  consideration  should 
be  given  to  a  centrifugal  pump  designed  to  handle  slurries. 

The  1-percent  sludge  slurry  is  fed  to  the  filter  press 
(F-l),  a  recessed  plate  type  utilizing  polypropylene  plates  on  a 
carbon  steel  frame  with  a  cake-holding  capacity  of  100  cubic 
feet.  Assuming  a  cake  solids  concentration  of  20  percent  by 
weight,  the  press  was  sized  for  four  cycles  per  day  with  a 
25-percent  capacity  safety  factor.  Presses  of  this  size  are 
typically  equipped  with  hydraulic  ram  for  press  closure  and  a 
mechanical  plate  shifting  mechanism. 

The  filtrate  from  F-l  is  returned  to  treatment  and  the 
filter  cake  at  20  percent  solids  is  dropped  through  a  chute  into 
a  reslurry  tank  (T-2)  directly  below  the  filter  press.  A 
5-percent  solution  of  ammonium  chloride  is  then  gravity  fed  from 


the  chemical  feed  tank  (T-3)  to  the  reslurry  tank.  A  level 
controller  on  the  reslurry  tank  closes  the  valve  on  the  line 
from  the  chemical  feed  tank  when  the  level  in  the  reslurry  tank 
reaches  the  set  point.  The  mixture  in  the  reslurry  tank  is 
agitated  for  15  minutes  then  returned  by  pump  to  the  filter 
press. 

Filtrate  from  the  second  filter  press  cycle  is  re¬ 
cycled  to  the  chemical  feed  tank  or  discharged  to  the  wastewater 
treatment  system  on  alternating  cycles  allowing  a  one-time  reuse 
of  the  NH.C1  wash  solution.  The  filter  cake  from  the  second 
press  is  discharged  to  a  small  dumpster  (D-l)  which  is  rolled 
over  rails  directly  beneath  the  filter  press.  After  filling, 
the  dumpster  is  rolled  away  from  the  filter  press  and  the  sludge 
is  removed. 


2.  Capital  and  Operating  Costs' 

The  costs  of  the  equipment  components  are  presented  in 
Table  70.  The  costs  for  major  components  are  based  on  vendor 
quotes.  The  total  installed  cost  for  the  sludge  washing  system 
is  $160,400.  The  major  portion  of  this  cost  is  for  a  filter 
press  ($100,000  installed). 

The  annual  operating  costs  for  the  sludge-washing 
process  are  presented  in  Table  71.  It  is  assumed  that  the 
system  will  require  8  hours  of  labor  per  day.  The  chemical 
requirements  are  based  on  a  1:1  addition  of  5  percent  NH.C1 
solution  to  dewatered  sludge  (weight  basis)  assuming  that  the 
sludge  is  initially  dewatered  to  30  percent  solids.  The  sludge- 
hauling  and  disposal  costs  are  based  on  the  following  assump¬ 
tions:  (1)  the  sludge  will  dewater  to  50  percent  solids  after 
washing,  (2)  the  sludge  will  be  hazardous  and  must  be  hauled  to  a 
secure  site.  Using  the  latter  assumpt ion, the  current  costs 
incurred  by  Hill  AFB  for  hauling  and  disposal  of  hazardous 
sludge  were  used  ($60/ydJ).  The  total  annual  operating  cost 
for  the  sludge-washing  system  is  $47,570. 

Comparing  the  Hill  AFB  current  hauling  and  disposal 
costs  ($120,600)  to  the  sludge-washing  process  costs  indicates 
that  an  annual  savings  of  approximately  $73,000  is  expected. 
This  saving  would  represent  a  return  on  the  $160,000  investment 
of  approximately  46  percent;  the  simple  payback  period  is  2.2 
years. 

D.  SLUDGE" AGING  PROCESS 

Sludge  aging  was  demonstrated  as  a  means  of  rendering  the 
sludge  nonhazardous  during  the  laboratory  testing  stage  of  the 
project.  By  allowing  the  sludge  to  age  for  2  to  3  months,  the 
material  was  able  to  pass  the  EPA  EP  toxicity  test.  The  effect 
of  aging  is  presumed  to  be  a  result  of  contact  with  air  which 
both  oxidizes  and  dries  the  sludge.  The  aging  process  is  a 
simple  one;  it  basically  requires  dewatering  the  sludge  and  then 
aging  it  in  a  dry  environment  for  3  months.  The  dewatering  is 
required  to  assure  that  the  sludge  is  not  masked  from  contact 
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It  is  assumed  that  an  equivalent  piece  of  equipment  exists  at  Hill  AFB  IWTP. 


TABLE  71.  SLUDGE- WASHING  ANNUAL  OPERATING  COSTS  AND  SAVINGS 


$16,000 
5,500 

4,410 

21,660 

Total  annual  cost  $47,570 


$120,600 
47,570 
$  73,030 

with  air  due  to  water  blinding.  While  aging,  it  is  also  neces¬ 
sary  to  turn  the  sludge  on  a  regular  basis  so  that  the  aging 
occurs  through  the  sludge  bed. 

The  sludge-aging  technology  was  also  sized  to  process  the 
sludge  generated  by  Hill  Air  Force  Base.  This  amounts  to  2,200 
gallons  per  hour  of  dilute  (1  percent  solids)  sludge  in  the 
clarifier  underflow. 

1.  Process  Description 

The  process  to  accomplish  the  aging  is  the  same  as  the 
heat  treatment  process  up  to  the  point  the  sludge  is  dewatered 
in  the  filter  process  (F-l,  refer  to  Figure  11).  The  clarifier 
underflow  gravity  drains  to  an  in-ground  filter  feed  tank  (T-l). 
The  tank  volume  represents  approximately  5  hours  of  retention 
capacity.  The  tank  is  equipped  with  level  control  instrumenta¬ 
tion  to  automatically  start  the  filter  feed  pumps  (Pi  and  2) 
when  the  tank  level  exceeds  the  high-level  set  point  and  stop 
the  pumps  when  the  level  falls  below  the  low-level  set  point. 

Air-operated  diaphragm  pumps  are  specified  for  the 
filter  press  feed  pumps.  These  pumps  are  reliable  for  sludge 
handling,  are  able  to  pass  debris  up  to  1  inch  in  diameter  and 
have  a  performance  curve  well  suited  for  filter  press  operation. 
They  should  be  valved  to  provide  the  option  of  simultaneous  or 
individual  service.  They  require  an  air  supply  of  100  psig  to 
achieve  the  pressure  necessary  to  give  reasonable  cake  dryness. 
If  air  is  not  available  at  this  pressure,  consideration  should 
be  given  to  a  centrifugal  pump  designed  to  handle  slurries. 

The  filter  press  (F-l)  is  a  recessed  plate  type 
utilizing  polypropylene  plates  on  a  carbon  steel  frame  with  a 
cake-holding  capacity  of  65  cubic  feet.  Assuming  a  cake  solids 
concentration  of  20  percent  by  weight,  the  press  was  sized  for 


Annual  Savings 

Current  cost  for  hauling  and  disposal 
Projected  cost  for  sludge  washing 
Savings 


Annual  Operating  Costs 

Labor  at  $8/hr  (1  operator/shift ) 
Chemicals  (NH.C1  at  $0. 18/lb) 

Utilities  "i 

Electricity  at  $. 07/kWh  3 

Sludge  Hauling  and  Disposal  (361  yd  /yr) 
at  $60/ydJ 


two  cycles  per  day  with  a  25-percent  capacity  safety  factor. 
Presses  of  this  size  are  typically  equipped  with  a  hydraulic  ram 
for  press  closure  and  a  mechanical  plate  shifting  mechanism. 

The  best  method  of  handling  the  sludge  filter  cakes 
discharged  from  the  filter  depends  upon  the  proximity  of  the 
aging  beds  to  the  filter.  If  the  beds  are  close  by,  use  of 
screw  conveyors  to  deliver  the  sludge  to  the  beds  is  feasible. 
However,  the  best  approach  is  to  discharge  the  cakes  into  a 
hopper  and  have  the  hopper  towed  or  carried  and  emptied  onto  the 
aging  beds. 

The  aging  process  consists  of  three  beds  sized  to 
store  the  volume  of  sludge  generated  over  a  3-month  period. 
While  one  bed  is  being  filled,  the  second  bed  is  aging  the 
sludge  for  the  required  3  months  and  the  third  is  being  emptied 
of  the  aged  sludge  and  readied  to  accept  the  next  charge. 

To  accommodate  3  months  of  sludge  at  a  solids  content 
of  20  percent  by  weight,  the  required  bed  volume  is  330  cubic 
yards.  Assuming  an  average  bed  depth  of  1.25  feet,  the  dimen¬ 
sions  of  each  bed  would  be  approximately  40  feet  by  20  feet. 

Design  considerations  that  must  be  addressed  in 
constructing  the  aging  beds  include: 

•  Protection  of  the  beds  from  precipitation  and 
freezing  conditions 

•  The  sludge  must  be  allowed  to  drain  to  remove 
any  free  water 

•  Heavy  earth-moving  equipment  may  frequently  enter 
the  bed  during  charging  and  emptying  the  bed 

•  The  sludge  must  be  turned  during  the  aging  process 
to  allow  homogeneous  contact  with  the  air. 

Protection  from  the  elements  would  probably  require  an 
indoor  system;  therefore,  a  pre-engineered  metal  building  has 
been  included  in  the  design.  To  provide  drainage,  the  beds 
should  be  sloped  and  have  a  bottom  layer  of  gravel  for  drainage. 
The  beds  would  drain  into  a  common  sump  which  would  pump  any 
liquor  back  to  the  treatment  system.  A  clay  liner  base  and 
concrete  sidewalls  will  seal  the  bed  and  provide  the  necessary 
foundation  support.  The  sludge  in  the  bed  could  be  turned  by  an 
appropriately  modified  piece  of  earth-moving  equipment.  A 
schematic  of  the  proposed  bed  design  is  presented  in  Figure  13. 
The  floor  space  requirements  for  a  three-bed  system  with  10-foot 
wide  access  to  a  long  side  of  each  bed  would  be  an  area  of  80 
feet  by  60  feet. 


2.  Capital  and  Operating  Costs 


The  capital  cost  of  the  aging  process  is  presented  in 
Table  72.  The  cost  includes  the  necessary  process  equipment  and 
construction  of  the  drying  beds. 

The  cost  for  constructing  the  aging  bed  only  covers 
the  labor,  materials  and  leasing  of  the  necessary  equipment. 
Two  hundred  feet  of  gravel-bed  access  roadway  is  also  included. 
No  land  cost  is  included. 

The  operating  costs  for  the  sludge-aging  process  are 
presented  in  Table  73.  The  sludge— hau  lijig  and  disposal  costs 
are  based  on  the  generation  of  274  ydJ  of  aged  sludge  per 
year  at  60  percent  solids  content.  It  is  assumed  that  the 
sludge  will  be  nonhazardous  and  that  it  can  be  disposed  of 
locally  in  a  sanitary  landfill.  The  total  annual  operating  cost 
for  the  sludge  aging  process  at  Hill  AFB  is  $33,620. 

Comparing  the  Hill  AFB  current  hauling  and  disposal 
costs  ($120,600)*  to  the  sludge-aging  process  costs  indicates 
that  an  annual  savings  of  approximately  $98,000  is  expected. 
This  saving  would  represent  a  return  on  the  $289,000  investment 
of  34  percent;  the  simple  payback  period  is  2.9  years. 

E.  SOLIDIFICATION 

Solidification  of  sludge  using  cement  and  fly  ash  was 
demonstrated  to  be  an  effective  means  of  producing  a  nonhazard¬ 
ous  material.  The  process  was  especially  effective  using  lime- 
precipitated  sludge  where  a  cement-to-f ly  ash-to-sludge  solids 
ratio  of  1:1:2  could  be  used  to  produce  a  very  hard  and  non¬ 
hazardous  product. 

To  investigate  the  economics  of  solidification,  a  process 
was  designed  for  McClellan  AFB.  The  IWTP  at  McClellan  currently 
uses  a  lime  precipitation  process.  Sludge  is  presently  dewater- 
ed^to  20  percent  solids  using  a  centrifuge.  Approximately  63 
yd  /wk  of  dewatered  sludge  are  generated.  In  formulating  the 
design  it  was  assumed  that  the  solidification  process  would  be 
operated  250  days  per  year,  8  hrs  per  day. 

1.  Process  Description 

The  process  flow  diagram  presented  in  Figure  14 
indicates  the  equipment  requirements  of  the  solidification 
process.  The  sludge  from  the  centrifuge  is  stored  in  a  concrete, 
in-ground  storage  tank.  It  is  then  transferred  to  a  conical- 
bottom  bin  with  a  capacity  of  12  cubic  yards  in  preparation  for 
mixing.  Sludge  is  introduced  into  the  mixer  on  a  batch  basis. 
Portland  cement  and  fly  ash  from  storage  bins  are  added  on  a 
ratio  1:1:2  (cement:  fly  ash:sludge  on  dry  basis).  Water  is 


*  2,010  yd3/yr  X  $60/yd3. 
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Total  Equipment  Cost  $104,400  $222,400 
Contingency  (at  20%)  44,400 
Engineering  (at  10%)  22,200 
Total  Cost  $289, 00O 


Figure  14.  Solidification  Process 


TABLE  7  3.  SLUDGE  AGING — ANNUAL  OPERATING  COSTS  AND  SAVINGS 


Annual  Operating  Costs 

Labor  at  $8/hr  (1  operator/shift)  $16,000 

Chemicals  0 

Utilities 

Diesel  fuel  at  $1/MM  Btu  10,000 

Electricity  at  $. 07/kWh  _  3,000 

Sludge  Hauling  and^Disposal  (108  yd  /yr) 

Hauling  at  $5/ydJ  ^  540 

Disposal  at  $10/ydJ  1 , 080 


Total  annual  cost  $30,620 
Annual  Savings 

Current  cost  for  hauling  and  disposal  $120,600 
Projected  cost  for  heat  treatment  30, 620 
Savings  $  89,980 


then  added  as  required  to  produce  an  easily  mixed  consistency. 
The  mixer  is  a  commercially  available  unit,  normally  used  for 
mixing  concrete. 

After  mixing,  the  material  is  poured  into  a  55-gallon 
plastic-lined  fiber  drum  mold  for  curing.  The  drums  are  filled 
on  pallets  to  facilitate  handling  with  fork  trucks.  Curing  time 
has  not  yet  been  established,  however,  it  is  expected  to  be  less 
than  30  days. 

2.  Capital  and  Operating  Costs 

The  costs  of  equipment  components  are  presented  in 
Table  74.  The  major  equipment  costs  were  obtained  from  vendor 
quotes.  The  vendors  also  provided  rough  estimates  for  typical 
installation  costs.  No  cost  for  building  space  is  included  in 
the  estimate.  The  installed  cost  was  estimated  at  $110,630. 

Operating  costs  are  presented  in  Table  75.  It  is 
anticipated  that  13,234  drums  will  be  filled  per  year.  If  the 
process  is  operated  250  days  per  year,  53  drums  will  be 
filled  per  day.  It  is  anticipated  that  this  process  will 
require  two  men  per  shift.  The  resultant  material  is  expected 
to  be  nonhazardous  and  can  therefore  be  disposed  in  a  local 
nonhazardous  landfill.  The  total  annual  operating  cost  is 
$181,314. 

Comparing  the  McClellan  AFB  current  hauling  and 
disposal  costs  ($216,380)  to  the  solidification  process  costs 
indicates  that  an  annual  savings  of  $35,000  is  expected.  This 
saving  would  represent  a  return  on  the  111,000  investment  of  32 
percent;  the  simple  payback  period  is  3.2  years. 
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TABLE  75.  SOLIDIFICATION  PROCESS  ANNUAL  OPERATING 
COSTS  AND  SAVINGS 


Annual  Operating  Costs 

Labor  at  $8/hr  (2  operator/shift) 
Chemicals 

Portland  Cement  at  $. 03/lb 
Fly  ash  at  $. 01/lb 
Utilities 

Electricity  at  $. 07/kWh  3 

Sludge  Hauling  and^Disposal  (3,604  yd; 
Hauling  at  $5/ydJ  3 
Disposal  at  $10/yd'3 
Fiberdrums  at  $5/drum  (13,2  34  drums) 


$  32,000 

18,856 

6,285 

3,675 

18,018 
36,040 
66, 170 


Total  annual  cost 


$181,314 


Annual  Savings 

Current  cost  for  hauling  and  disposal 

(3,276  yd3)  at  $66. 05/yd3* 

Projected  cost  for  solidification  process 
Savings 


$216,380 


181,314 
$  35,066 


*  $13. 72/vd3  collect  and  transport  $52. 33/yd3  disposal. 


F.  SODIUM  BOROHYDRIDE  PRECIPITATION  PROCESS 

Laboratory  tests  demonstrated  the  ability  of  the  sodium 
borohydride  (NaBH.)  precipitation  process  to  produce  an  effluent 
quality  superior  to  the  processes  using  either  lime  or  caustic 
soda.  It  may  be  necessary  to  use  such  a  process  at  a  particular 
location  where  local  standards  are  more  stringent  than  the 
federal  requirements.  The  high  cost  of  sodium  borohydride  makes 
it  uneconomical  for  cases  where  stringent  regulations  do  not 
exist.  The  process  produces  a  smaller  volume  of  sludge  which 
helps  to  offset  the  high  chemical  costs. 

The  McClellan  AFB  (SM-ALC)  IWTP  was  selected  as  the  design 
site  for  the  sodium  borohydride  process.  SM-ALC  currently  uses 
lime  for  pH  adjustment/precipitation.  The  use  of  lime  presents 
a  problem  at  SM-ALC  since  that  facility  is  reusing  the  IWTP 
effluent  for  cooling  water  and  the  calcium  carbonate  carryover 
causes  scaling.  Further,  the  SM-ALC  has  relatively  stringent 
effluent  standards  which  provide  additional  justification  for 
considering  the  use  of  sodium  borohydride. 

For  design  purposes  an  average  effluent  flow  rate  of 
495,000  gal/day  based  upon  24-hour  operation  and  a  wastewater 
composition  of  0.20  mg/1  copper,  1.8  mg/1  chromium  (+3),  and 
20.0  mg/1  iron  (+3)  was  assumed.  The  design  incorporates  the 
existing  precipitation  system  equipment  (Figure  15). 


SLUDGE  STORAGE  CENTRIFUGE 

(EXISTING)  (EXISTING) 


Sodium  borohydride  is  capable  of  simultaneous  chromium 
reduction  and  metals  precipitation.  However,  it  is  assumed  that 
the  current  practice  of  hexavalent  chromium  reduction  with 
sulfur  dioxide  at  SM-ALC  will  be  continued  because  of  the  lower 
cost  compared  with  NaBH^  reduction.  The  subsequent  NaBH^  treat¬ 
ment  will  reduce  any  residual  chromate  contained  in  the  wastewater. 

1.  Process  Description 

The  treated  effluent  from  the  existing  neutralizing 
tank  (Figure  15)  is  pumped  through  a  dip  tube  to  an  enclosed 
stainless  steel  reactor  where  sodium  borohydride  is  added,  based 
upon  the  wastewater  feed  rate. 

A  free  space  of  10  percent  of  the  reactor  volume  is 
provided  to  allow  for  the  evolution  of  hydrogen.  The  reactor  is 
vented  to  the  atmosphere  through  a  vent  pipe.  Agitation  is 
provided  to  ensure  that  thorough  mixing  is  achieved.  An  over¬ 
flow  nozzle  from  the  reaction  tank  provides  the  feed  to  the 
degassing  tank.  The  degassing  tank  is  similar  in  design  to  the 
reaction  tank.  Evolved  Hydrogen  is  released  through  the  vent 
line  common  to  the  reaction  tank. 

The  overflow  from  the  degassing  tank  is  fed  to  the 
existing  clarifier  where  the  solids  are  separated  in  the  manner 
currently  practiced.  No  change  is  planned  for  the  sludge¬ 
dewatering  and  handling  operations. 

2.  Capital  and  Operating  Costs 

The  costs  of  the  equipment  components  are  presented  in 
Table  76.  Note  that  the  sodium  borohydride  process  fully 
utilizes  the  existing  treatment  system.  The  total  installed 
cost  for  the  additional  equipment  is  estimated  to  be  $162,500. 

The  annual  operating  costs  for  the  sodium  borohydride 
process  are  presented  in  Table  77.  Details  of  the  chemical 
costs  are  presented  in  Table  78.  It  is  assumed  that  the  system 
will  not  require  any  additional  labor  above  the  current  labor 
needs.  The  chemical  requirements  are  based  on  a  NaBH4  dosage 
2  times  the  theoretical  requirement.  The  sludge-hauling  and 
disposal  cost  was  calculated  assuming  that  NaBH.  would  reduce 
the  sludge  volume  by  a  factor  of  only  one-third,  it  was  assumed 
that  the  sludge  would  be  hazardous  and  that  the  current  rates 
for  hauling  and  disposal  were  applicable. 

Comparing  the  current  annual  treatment  and  sludge- 
hauling/disposal  cost  at  McClellan  AFB  ($279,884)  to  the  annual 
cost  for  the  sodium  borohydride  process  ($198,870)  indicates  an 
expected  savings  of  $80,000,  representing  a  49  percent  return  on 
the  $162,000  investment  and  a  simple  payback  of  2  years. 


It  is  assumed  that  an  equivalent  piece  of  equipment  exists  at  McClellan  AFB. 


TABLE  77.  ANNUAL  OPERATING  COSTS  AND  SAVINGS  FOR  THE 
SODIUM  BOROHYDRIDE  PRECIPITATION  PROCESS 


Annual 


jerating  Costs 


Labor* 

Chemicals  NaBH.  at  $0.70/1000  gal  treated 
(171,500  m  gal/yr) 

Utilities 

Electricity  at  $. 07/kWh  3 

Sludge  Hauling  and  Disposal  (1,092  ydvyr) 
Hauling  at  $13.72/ydJ, 

Disposal  at  $52.33/ydJ 

Total  annual  cost 


Annual  Savings 


125,244 


2,500 
14,982 
57, 144 

$199,870 


Current  cost  for  precipitationt  $  63,504 

Current  cost  for  sludge  hauling  and  disposaltt  216, 380 

(3,276  yd3/yr ) 

Subtotal  $279,884 

Projected  cost  for  NaBH.  process  199, 870 

Savings  $  80,014 


SECTION  VIII 


CONCLUSIONS 


The  analytical  and  engineering  effort  associated  with  the 
project  has  established  the  following  conclusions  regarding 
sludge  generated  at  ALC  industrial  wastewater  treatment  plants. 
Sludge  generated  at  the  ALC  wastewater  treatment  plants 
generally  proved  hazardous  when  tested  for  toxicity  as  defined 
by  the  EPA  EP  Toxicity  test.  At  three  facilities,  cadmium 
leached  at  toxic  levels.  Chromium  leaching  was  in  excess  of 
delisting  criteria  in  the  sludge  from  two  ALCs.  The  sludge  from 
Kelly  ALC  was  low  in  cadmium  content  and  tested  nontoxic  when 
subjected  to  the  EP.  The  other  RCRA-related  metals  (Ag,  As,  Ba, 
Hg,  and  Se )  leached  at  levels  well  below  the  EP  toxicity  limits 
in  all  sludge  samples  tested. 

Screening  tests  were  performed  on  contrived  wastewater  to 
investigate  the  influence  of  different  factors  on  the  volume  and 
characteristics  of  the  resultant  sludge  generated.  These  tests 
indicated: 


•  Maintaining  a  pH  of  9.2 
precipitation  reaction  using 
optimum  results  in  terms  of 
settling. 


in  the  neutralization/ 
lime  as  the  reagent  gave 
metal  removal  and  sludge 


•  A  comparison  between  caustic  soda  and  lime  as 
neutralizing  reagents  indicated  that  caustic  soda 
generated  approximately  20  percent  of  the  dry-solids 
associated  with  lime  neutralization.  However,  the 
volume  of  sludge  generated  by  the  caustic  soda  pre¬ 
cipitation,  due  to  its  poor  settling  characteristics 
was  three  times  that  associated  with  lime  precipitation 
after  30  minutes  settling. 

•  The  influence  of  water  hardness  on  sludge  volume  was 
investigated,  using  lime  neutralization.  The  test 
compared  solids  generated  in  treatment  of  a  low  hard¬ 
ness,  high  hardness  and  sodium  ion  exchange  softened 
water.  No  significant  difference  in  sludge  volume  was 
observed. 


•  Segregation  and  pretreatment  of  chromate-bearing 
wastewater  was  compared  to  treatment  of  all  noncyanide 
wastewater  for  chromate  reduction  and  subsequent 
neutralization.  No  significant  difference  existed  with 
respect  to  sludge  generation  between  the  two  variables. 
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•  Reduction  of  chromates  with  FeS04  was  compared  to 
reduction  using  NaHSOj.  FeSC>4,  on  the  average, 
generated  30  times  the  amount  of  sludge  on  a  dry  weight 
basis,  than  NaHS03  treatment. 

•  Treatment  of  wastewater  with  hydrogen  peroxide  at 
neutral  pH  achieved  simultaneous  cyanide  oxidation  and 
metal  precipitation.  The  dry  weight  of  sludge  gen¬ 
erated  in  this  process  scheme  was  equivalent  to  that 
associated  with  NaOH  precipitation,  but  the  solids 
exhibited  superior  settling  and  handling  properties. 
Observation  of  color  changes  during  treatment  suggest 
many  of  the  metals  are  precipitating  as  the  oxide 
instead  of  the  hydroxide.  Wastewater  quality  was 
equivalent  to  that  produced  by  conventional  treatment. 

•  Treatment  of  wastewater  with  sodium  borohydride 
( NaBH4 )  achieved  simultaneous  chromate  reduction  and 
metal  removal  at  a  slightly  alkaline  pH.  This  process 
exhibited  superior  metal  removal  compared  to  conven¬ 
tional  treatment.  The  dry  weight  of  solids  generated 
by  this  process  was  equivalent  to  that  associated  with 
NaOH  precipitation;  however,  the  floe  formed  was  of  a 
much  sturdier  nature.  After  allowing  gas  evolution 
from  the  treated  solution,  the  solids  settled  to  a 
dense  precipitate.  Observation  of  the  process  sup¬ 
ported  the  contention  that  most  metals  present  were 
reduced  and  precipitated  as  the  base  metal. 

Two  technologies,  ozone  precipitation  and  sodium  boro¬ 
hydride  precipitation,  were  selected  for  detailed  testing  on  the 
basis  of  the  screening  tests.  These  tests  were  performed  on 
both  actual  wastewater  from  ALC  and  on  contrived  wastewater 
formulated  to  simulate  wastewater  generated  at  the  AFLCs . 

Ozone  precipitation  was  evaluated  after  hydrogen  peroxide 
precipitation  showed  promising  results  in  terms  of  simultaneous 
metal  precipitation  and  cyanide  oxidation  and  that  the  process 
generated  less  sludge  than  lime  precipitation.  Ozone  was 
substituted  because  it  is  a  cheaper  source  of  oxidizing  reagent. 
The  use  of  ozone,  however,  resulted  in  an  oxidation  of  trivalent 
chromium  to  the  hexavalent  state.  The  high  level  of  chromate  in 
the  treated  wastewater  precluded  use  of  ozone  in  this  process. 
Testing  was  resumed,  using  hydrogen  peroxide  as  the  oxidizing 
agent.  The  tests  confirmed  the  reduced  solids  generation  rate. 
Solids  generation  was  reduced  from  the  baseline  value  of  985 
mg/1  associated  with  lime  neutralization  to  321  mg/1.  The 
resultant  sludge  was  tested  by  the  EPA  EP  and  found  hazardous 
due  to  leaching  of  chromium  and  cadmi'um.  A  further  problem  was 
observed  if  the  sludge  was  allowed  to  sit  overnight — trivalent 
chromium  was  slowly  oxidized  to  the  hexavalent  form.  This 


indicates  that  chromium-containing  sludge  produced  by  H2O2 
is  unstable  and  may  pose  a  serious  disposal  problem.  The 
effluent  produced  by  the  oxide  precipitation  process  was  deter¬ 
mined  to  meet  federal  effluent  guidelines  with  a  95-percent 
confidence  level.  The  effluent  did  not  meet  the  AF  lower  level 
objectives  shown  in  Table  79. 

TABLE  79.  EFFLUENT  OBJECTIVES 


Parameter 


Concentration  (mq/1 ) 


Chromium  (Total) 

Chromium  (Hexavalent) 

Cadmium 

Copper 

Nickel 

Cyanide 


0.25 

U.025 

0.010 

0.005 

0.10 

0.002 


Sodium  borohydride  was  evaluated  after  promising  results 
during  the  screening  tests  in  terms  of  lower  solids  generation 
and  superior  effluent  quality.  The  detailed  testing  confirmed 
that  the  process  reduced  chromates  and  precipitated  many  metals 
as  the  base  metal  with  a  low  residual  concentration  in  the 
effluent.  The  dry  weight  of  sludge  generated  by  the  process 
when  treating  the  contrived  wastewater  was  309  mg/1,  approxi¬ 
mately  1/3  the  amount  generated  by  lime  treatment.  The  sludge 
produced  by  NaBH4  precipitation  failed  the  EP  test  due  to 
leaching  of  high  levels  of  cadmium  and  chromium.  The  sludge  did 
form  dense  floes,  however,  which  settled  rapidly  after  residual 
hydrogen  gas  evolution  ceased. 

At  this  point  in  the  project,  it  was  concluded  that  no 
alternative  treatment  process  could  guarantee  generation  of  non- 
hazardous  waste  when  applied  to  treating  wastewater  typical  of 
that  generated  at  ALC.  The  next  stage  performed  screening 
evaluations  of  sludge  treatment  techniques  that  would  either 
reduce  the  volume  of  sludge  generated  by  a  given  treatment 
process  or  render  the  sludge  nonhazardous.  The  tests  concluded: 

•  Solidification  of  the  sludge  with  a  mixture  of  Portland 
cement,  fly  ash  and  water  produced  a  monolithic  sample, 
which  when  subjected  to  a  structural  integrity  test  and 
the  EP,  proved  nonhazardous. 

•  Sludge  aging  was  investigated  as  a  method  of  volume 
reduction  (by  water  evaporation)  and  detoxification  by 
conversion  to  metal  oxides  when  exposed  to  air.  After 
30  days  aging,  however,  no  significant  reduction  in 
leachability  occurred. 
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•  Heat  treatment  was  investigated  as  a  means  of  accelera¬ 
ting  the  aging  process.  Heat  treatment  at  260°C  was 
dismissed  because  it  reoxidized  hexavalent  chromium  and 
caused  it  to  leach  at  high  concentrations.  Heat  treat¬ 
ment  at  120°C,  however,  resulted  in  a  nonhazardous 
sludge  and  reduced  the  sludge  volume  eightfold* 

•  Sludge  washing  with  ammonium  chloride  was  investigated 

as  a  means  of  breaking  the  bonds  of  hydration  that  bind 
water  to  sludge  solids.  Both  lime  and  borohydride 

sludges  were  washed  with  equal  volumes  of  1%  ammonium 
chloride.  The  washing  reduced  the  sludge  volumes  after 
dewatering  by  25  percent.  After  washing,  the  boro¬ 

hydride  sludge  leached  higher  concentrations  of  metals 
in  the  EP  test.  The  lime  sludge- leaching  properties 
were  not  affected  by  the  washing;  it  still  tested 
hazardous. 

•  Leaching  of  the  sludge  with  pH  adjusted  deionized  water 
at  pH  levels  of  3.5,  7.0,  and  10.5  reduced  the  EP 
leaching  of  the  sludge  but  not  to  a  level  sufficient  to 
make  the  sludge  nonhazardous. 

• 

•  Barium  acetate  was  added  to  the  wastewater  during  sodium 

borohydride  precipitation.  This  test  decreased  the 

chromium  leaching  during  the  extraction  procedure,  but 
not  sufficiently  to  make  the  sludge  test  nonhazardous. 

The  results  of  the  screening  tests  pointed  to  four 
techniques  which  might  prove  effective  in  making  the  wastewater 
sludge  nonhazardous:  solidification,  heat  treatment,  washing, 

and  barium  compounds.  In  addition,  sludge  aging  was  evaluated 
because  an  earlier  independent  project  showed  success  with  this 
technique. 

The  objectives  of  the  detailed  testing  of  the  solidifica¬ 
tion  process  were  to  determine  the  maximum  percentage  of  sludge 
that  could  be  used  in  the  mixture,  whether  the  process  was  also 
effective  with  lime  sludges,  and  whether  air  curing  could  be 
substituted  for  over  curing.  The  tests  found  that  up  to  15  and 
40  percent  of  sodium  borohydride  and  lime  sludge  solids, 
respectively,  could  be  used  in  the  mixture  and  have  the  solidi¬ 
fied  material  retain  its  structural  integrity  and  nonhazardous 
properties.  Further,  air-curing  was  as  effective  as  oven-curing 
but,  naturally,  required  a  longer  period.  Also,  enclosing  the 
sample  in  an  airtight  container  did  not  significantly  retard  the 
ambient- temperature  curing  process. 
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UetaiLed  testing  of  barium  compound  addition  focused  on 
varying  the  point  of  addition  of  barium  in  the  wastewater 
treatment  process.  The  tests  revealed  the  barium  dissolved 
better  into  the  wastewater  if  mixed  prior  to  pH  adjustment  than 
if  added  after  metal  precipitation.  In  both  cases,  however, 
barium  addition  increased  the  level  of  chromium  leaching  in  the 
EP. 


The  detailed  testing  of  the  heat  treatment  process  focused 
on  determining  the  optimum  duration  of  heat  treatment  and  the 
temperature  range  that  would  render  the  sludge  nonhazardous. 
Optimum  drying  time  in  terms  of  volume  reduction  and  metal 
leachability  reduction  was  between  1  and  2  hours.  The  optimum 
temperature  was  between  80  and  120°C.  The  EP  results  on  the 
heat-treated  sludge  left  some  doubt  as  to  whether  the  process 
was  a  reliable  method  for  rendering  a  sludge  nonhazardous. 

Testing  on  the  sludge  washing  with  ammonium  chloride  was 
expanded  to  include  lime  and  sodium  hydroxide  sludges  in 
addition  to  the  sodium  borohydride  sludge.  The  results 
indicated  that  after  washing  and  subsequent  dewatering,  the 
volume  of  the  sodium  hydroxide  and  sodium  borohydride  sludges 
were  reduced  approximately  40  percent.  The  lime  sludge 
dewaterability  was  not  affected  by  the  washing,  nor  did  the 
washing  affect  the  EP  toxicity  of  any  of  the  sludges  tested. 
Further  testing  indicated  that  increasing  the  concentration  of 
ammonium  chloride  in  the  wash  improved  the  dewaterability; 
optimum  dewaterability  was  realized  with  a  10-percent  solution 
of  ammonium  chloride. 

Prototype  designs  were  developed  for  the  following  proc¬ 
esses  as  a  means  of  determining  equipment  costs  and  economic 
benefits.  Table  80  presents  a  summary  of  the  factors  that  were 
considered  in  assessing  the  various  systems. 


TABLE  80.  SUMMARY  CF  PROTOTYPE  SYSTEMS 


Process 

Design 

Basis 

Installed 
Cost  ($) 

Operating 

Cost 

($/yr) 

Annual 

Savings 

($/yr) 

Sludge 

Hazardous 

Heat  treatment 

Hill  AFB 

460,000 

31,000 

89,000 

No 

Sludge  washing 

Hill  AFB 

160,000 

48,000 

73,000 

Yes 

Sludge  aging 

Hill  AFB 

289,000 

30,000 

90,000 

No 

Solidification 

McClellan  AFB 

111,000 

181,000 

36,000 

No 

Sodium  borohydride 

precipitation  McClellan  AFB 

162,000 

199,000 

80,000 

Yes 
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Appendix  II —  EP  Toxicity  Test 
Procedure 

A.  Extraction  Procedure  (EP) 

1.  A  representative  sample  of  the 
waste  to  be  tested  (minimum  size  100 
grams)  should  be  obtained  using  the 
methods  specified  in  Appendix  I  or  any 
other  methods  capable  of  yielding  a 
representative  sample  within  the 
meaning  of  Part  260.  |For  detailed 
guidance  cn  conducting  the  various 
aspects  of  the  EP  see  "Test  Methods  for 
the  Evaluation  of  Solid  Waste,  Physical/ 
Chemical  Methods,"  SVV-846.  U.S. 
Environmental  Protection  Agency  Office 
of  Solid  Waste,  Washington,  D.C. 

20460. '] 

2.  The  sample  should  be  separated 
into  its  component  liquid  and  solid 
phases  using  the  method  described  in 
"Separation  Procedure"  below,  if  the 
solid  residue  1  obtained  using  this 
method  totals  less  than  0.5%  of  the 
original  weight  of  the  waste,  the  residue 
can  be  discarded  and  the  operator 
should  treat  the  liquid  phase  as  the 
extract  and  proceed  immediately  to  Step 
8. 

3.  The  solid  material  obtained  from 
the  Separation  Procedure  should  be 
evaluated  for  its  particle  size.  If  the  solid 
material  has  a  surface  area  per  gram  of 
material  equal  to,  or  greater  than.  3.1 
cm1  or  passes  through  a  9.5  mm  (0.375 
inch]  standard  sieve,  the  operator 
should  proceed  to  Step  4.  If  the  surface 
area  is  smaller  or  the  particle  size  larger 
than  specified  above,  the  solid  material 
should  be  prepared  for  extraction  by 
crushing,  cutting  or  grinding  the  material 
so  that  it  passes  through  a  9.5  mm  10.375* 
inch)  sieve  or,  if  the  material  is  in  a 
single  piece,  by  subjecting  the  material 
to  the  "Structural  Integrity  Procedure" 
described  below. 

4.  The  solid  material  obtained  in  Step 
3  should  be  weighed  and  placed  in  an 
extractor  with  16  times  its  weight  of 
deionized  water.  Do  not  allow  the 
material  to  dry  prior  to  weighing.  For 
purposes  of  this  test,  an  acceptable 
extractor  is  one  which  will  impart 
sufficient  agitation  to  the  mixture  to  not 
only  prevent  stratification  of  the  sample 
and  extraction  fluid  but  also  insure  that 
all  sample  surfaces  are  continously 


'  Copies  may  be  obtained  from  Solid  Waste 
Information.  U.S.  Km  ironmental  Protection  Agency. 
26  W.  St.  Clair  Street.  Cincinnati.  Ohio  45268- 
*The  percent  solids  is  determined  bv  drying  the 
filter  pad  at  60  C  until  it  reaches  constant  weight 
and  then  calculating  the  percent  solids  using  the 
following  equation: 

(w«*qm  of  pad  ♦  sowfl 
-  (tare  of  pad| 

_ a  100  r  %  SQMft 

initial  we«jnt  of  sample 


brought  into  contact  with  well  mixed 
extraction  fluid. 

5.  After  the  solid  material  and 
deionized  water  are  placed  in  the 
extractor,  the  operator  should  begin 
agitation  and  measure  the  pH  of  the 
solution  in  the  extractor,  if  the  pH  is 
greater  than  5.0.  the  pH  of  the  solution 
should  be  decreased  to  5.0  ±  0.2  by 
adding  0.5  N  acetic  acid.  If  the  pH  is 
equal  to  or  less  than  5.0.  no  acetic  acid 
should  be  added.  The  pH  of  the  solution 
should  be  monitored,  as  described 
below,  during  the  course  of  the 
extraction  and  if  the  pH  rises  above  5.2. 
0.5N  acetic  acid  should  be  added  to 
bring  the  pH  down  to  5.0  ±  0.2. 

However,  in  no  event  shall  the  aggregate 
amount  of  acid  added  to  the  solution 
exceed  4  ml  of  acid  per  gram  of  solid. 

The  mixture  should  be  agitated  for  24 
hours  and  maintained  at  20*— 10*  C  (68*- 
104*  F)  during  this  time.  It  is 
recommended  that  the  operator  monitor 
and  adjust  the  pH  during  the  course  of 
the  extraction  with  a  device  such  as  the 
Type  45-A  pH  Controller  manufactured 
by  Chemtrix,  Inc.,  Hillsboro,  Oregon 
97123  or  its  equivalent,  in  conjunction 
with  a  metering  pump  and  reservoir  of 
0.5N  acetic  acid.  If  such  a  system  is  not 
available,  the  following  manual 
procedure  shall  be  employed: 

(a)  A  pll  meter  should  be  calibrated  in 
accordance  with  the  manufacturer's 
specifications. 

(b)  The  pH  of  the  solution  should  be 
checked  and.  if  necessary,  0.5N  acetic  acid 
should  be  manually  added  to  the  extractor 
until  the  pH  reaches  5.0  2:  0.2.  The  pH  of  the 
solution  should  be  adjusted  at  15. 30  and  60 
minute  intervals,  moving  to  the  next  longer 
interval  if  the  pH  does  not  have  to  be 
adjusted  more  than  0.5N  pH  units. 

(c)  The  adjustment  procedure  should  be 
continued  for  at  least  6  hours. 

(d)  If  at  the  end  of  the  24-hour  extraction 
period,  the  pH  of  the  solution  is  not  below  5.2 
and  the  maximum  amount  of  acid  (4  ml  per 
gram  of  aolida)  has  not  been  added,  the  pH 
should  be  adjusted  to  5.0  ±  0.2  and  the 
extraction  continued  for  an  additional  four 
hours,  during  which  the  pH  should  be 
adjusted  at  one  hour  intervals. 

6.  At  the  end  of  the  24  hour  extraction 
period,  deionized  water  should  be  added 
to  the  extractor  in  an  amount 
determined  by  the  following  equation: 

V=  (20)(W)  — 16(  W)  -  A 
V  »  ml  deionized  water  to  be  added 
W  -  weight  in  grams  of  solid  charged  to 

extractor 

A*  ml  of  0.5N  acetic  acid  added  during 

extraction 

7.  The  material  in  the  extractor  should 
be  separated  into  its  component  liquid 
and  solid  phases  as  described  under 
"Separation  Procedure." 

8.  The  liquids  resulting  from  Steps  2 
and  7  should  be  combined.  This 
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combined  liquid  (or  the  waste  itself  if  it 
has  less  than  '/?  percent  solids,  as  noted 
in  Step  2)  is  the  extract  and  should  be 
analyzed  for  the  presence  of  any  of  the 
contaminants  specified  in  Table  I  of 
§  261.24  using  the  Analytical  Procedures 
designated  below. 

Separation  Procedure 

Equipment:  A  filter  holder,  designed 
for  filtration  media  having  a  nominal 
pore  size  of  0.45  micrometers  and 
capable  of  applying  a  5.3  kg/cm*  (75  psi) 
hydrostatic  pressure  to  the  solution 
being  filtered  shall  be  used.  For  mixtures 
containing  nonabsorptive  solids,  where 
separation  can  be  affected  without 
imposing  a  5.3  kg/cm:  pressure 
differential,  vacuum  filters  employing  a 
0.45  micrometers  filter  media  can  be 
used.  (For  further  guidance  on  filtration 
equipment  or  procedures  see  "Test 
Methods  for  Evaluating  Solid  Waste. 
Physical/Chemical  Methods.") 

Procedure: 1 

(i)  Following  manufacturer's 
directions,  the  Filter  unit  should  be. 
assembled  with  a  filter  bed  consisting  of 
a  0.45  micrometer  filter  membrane.  For 
difficult  or  slow  to  filter  mixtures  a 
prefilter  bed  consisting  of  the  following 
prefilters  in  increasing  pore  size  (0.G5 
micrometer  membrane,  fine  glass  fiber 
prefilter,  and  coarse  glass  fiber  prefilter) 
can  be  used. 

(ii)  The  waste  should  be  poured  into 
the  filtration  unit. 

(iii)  The  reservoir  should  be  slowly 
pressurized  until  liquid  begins  to  flow 
from  the  filtrate  outlet  at  which  point  the 
pressure  in  the  filter  should  be 
immediately  lowered  to  10-15  psig. 
Filtration  should  be  continued  until 
liquid  flow  ceases. 

(iv)  The  pressure  should  be  increased 
stepwise  in  10  psi  increments  to  75  psig 
and  filtration  continued  until  flow 
ceases  or  the  pressurizing  gas  begins  to 
exit  from  the  filtrate  outlet. 

(v)  The  filter  unit  should  be 
depressurized,  the  solid  material 
removed  and  weighed  and  then 
transferred  to  the  extraction  apparatus, 
or.  in  the  case  of  final  filtration  prior  to 
analysis,  discarded.  Do  not  allow  the 

’This  procedure  is  intended  id  result  in 
separation  of  the  ‘’free’’  liquid  portion  of  the  waste 
from  any  solid  matter  having  a  particle  size 
s0.45um.  If  the  sample  will  not  filter,  venous  other 
separation  techniques  can  be  used  to  aid  in  the 
filtration  As  described  above,  pressure  filtration  is 
employed  to  speed  up  the  filtration  process.  This 
docs  nnt  alter  the  nature  of  the  separation,  if  liquid 
does  not  separate  during  filtration,  the  waste  can  be 
centrifuged.  If  separation  occurs  during 
centrifugation  the  liquid  portion  (ccninfugatel  is 
filtered  through  the0  45um  filler  prior  to  becoming 
mixed  with  the  liquid  portion  of  the  waste  obtained 
from  ihe  initial  filtration  Any  material  that  will  not 
pass  through  the  filter  after  centrifugation  is 
considered  a  solid  and  is  extracted. 


material  retained  on  the  filter  pad  to  dry 
prior  to  weighing. 

(vi)  The  liquid  phase  should  be  stored 
at  4"C  for  subsequent  use  in  Step  0 

B.  Structural  Integrity  Procedure 

Equipment:  A  Structural  Integrity 
Tester  having  a  3. IB  cm  (1.25  in.) 
diameter  hammer  weighing  0.33  kg  (0.73 
lbs.)  and  having  a  free  fall  of  15.24  cm  (6 
in.)  shall  be  used.  This  device  is 
available  from  Associated  Design  and 
Manufacturing  Company.  Alexandria. 
VA..  22314.  as  Part  No.  125.  or  it  may  be 
fabricated  to  meet  the  specifications 
shown  in  Figure  1. 

Procedure: 

1.  The  sample  holder  should  be  filled 
with  the  material  to  be  tested.  If  the 
sample  of  waste  is  a  large  monolithic 
block,  a  portion  should  be  cut  from  the 
block  having  the.dimensions  of  a  3.3  cm 
(1.3  in.)  diameter  x  7.1  cm  (2.8  in.) 
cylinder.  For  a  fixated  waste,  samples 
may  be  cast  in  the  form  of  a  3.3  cm  (1.3 
in.)  diameter  x  7.1  cm  (2.8  in.)  cylinder 
for  purposes  of  conducting  this  test.  In 
such  cases,  the  waste  may  be  allowed  to 
cure  for  30  days  prior  to  further  testing. 

2.  The  sample  holder  should  be  placed 
into  the  Structural  Integrity  Tester,  then 
the  hammer  should  be  raised  to  its 
maximum  height  and  dropped.  This 
should  be  repeated  fifteen  times. 

3.  The  material  should  be  removed 
from  the  sample  holder,  weighed,  and 
transferred  to  Ihe  extraction  apparatus 
for  extraction. 

Analytical  Procedures  for  Analyzing 
Extract  Contaminants 

The  test  methods  for  analyzing  the 
extract  are  as  follows: 

(1)  For  arsenic,  barium,  cadmium, 
chromium,  lead,  mercury,  selenium  or 
silver:  "Methods  for  Analysis  of  Water 
and  Wastes."  Environmental  Monitoring 
and  Support  Laboratory,  Office  of 
Research  and  Development.  U.S. 
Environmental  Protection  Agency. 
Cincinnati.  Ohio  45268  (EPA-600/4-79- 
020.  March  1979). 

(2)  For  Endrin;  Lindane: 

Methoxvchlor:  Toxaphcne:  2.4-D;  2.4.5- 
TP  Silver:  in  "Methods  for  Benzidine. 
Chlorinated  Organic  Compounds. 
Pentachlorophenol  and  Pesticides  in 
Water  and  Wastewater."  September 
1978.  U.S.  Environmental  Protection 
Agency.  Environmental  Monitoring  and 
Support  Laboratory,  Cincinnati.  Ohio 
42568. 

as  standardized  in  "Test  Methods  for 
the  Evaluation  uf  Solid  Waste,  Physical/ 
Chemical  Methods." 

For  all  analyses,  the  method  of 
standard  addition  shall  be  used  for  ihe 
quantification  of  species  concentration. 


This  method  is  described  in  “Test 
Methods  for  the  Evaluation  of  Solid 
Waste."  (It  is  aiso  described  in 
"Methods  for  Analysis  of  Wat“r  an: 
Wastes.") 
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I.  Scope 

l.l  These  methods  cover  procedures  for 
leaching  of  waste  materials  lo  obtain  an 
aqueous  solution  us  be  used  lo  determine  the 
teachable  materials  present.  The  following 
methods  are  included: 


Method  A  — Water  Shake  Ex¬ 
traction  Procedure 
Method  8  -  Acid  Shake  Ex¬ 
traction  Procedure 


Sections 
6  to  1 4 

IS  to  23 


2.  Applicable  Documents 

2.1  ASTM  Standards: 

D75  Sampling  Aggregates- 

D420  Recommended  Practice  for  Investi¬ 
gating  and  Sampling  of  Soil  and  Rock 
for  Engineering  Purposes- 
D  1 1 2V  Definitions  of  Terms  Relating  it* 
Water' 

D  1 193  Specification  for  Reagent  Wafer* 

D  1SSS  Tests  for  Particulate  and  Dissolved 
Matter  in  Water1 

D  22 1  ft  Laboratory  Determination  of  Mois¬ 
ture  Content  of  Soils-* 

D  2234  Collection  of  a  Gross  Sample  ol 
Coal* 

D  337(1  Practices  for  Sampling  Water* 

L  122  Recommended  Practice  for  Choice 
ol  Sample  Si/e  it*  Estimate  the  Average 
I _iti.il 1 1  v  ni  ,i  |  .ol  or  Pioccss- 
I  Metric  Practice** 

3.  IHTutitiiins 

3  I  For  dclinilions  of  terms  used  in  these 
met  hi  >iK.  see  Dcfimiions  D  I  1 29  For  an 
explanation  id  (he  metric  svsicai  iitclti4”*g 
units,  svisii’nis.  and  soioei'iiiii  .’.iciors.  see 
Si.iiinarJ  [i  "s(t 


4.  Purity  of  Reagents 

4.1  Reagent  grade  chemicals  shall  be  used 
in  all  tests.  Unless  otherwise  indicated,  it  is 
intended  that  all  reagents  shall  conform  to  the 
specifications  of  the  American  Chemical  So¬ 
ciety.  where  such  specifications  are  available.7 
Other  grades  may  be  used,  provided  it  is  first 
ascertained  that  the  reagent  is  of  sufficiently 
high  purity  to  permit  its  use  without  lessening 
the  accuracy  of  the  determination. 

4.2  Unless  otherwise  indicated,  references 
to  water  shall  he  understood  to  mean  Type  IV 
reagent  water.  Specification  D  1 193. 

5.  Sampling 

5.1  Obtain  a  representative  sample  of  ihe 
waste  to  be  tested  using  ASTM  sample  meth¬ 
ods  developed  for  the  specific  industrv  where 
available. 

5.2  W’herc  no  specific  methods  are  availa¬ 
ble.  sampling  meihodologv  for  materials  of 
similar  physical  form  should  be  used. 

5.3  A  minimum  sample  of  5011(1  g  shall  be 
sen!  to  the  laboratory.  (see  Method  E  122). 

5.4  Samples  should  be  kept  in  closed  con¬ 
tainers  appropriate  to  the  sample  tv  pc  prior 
to  testing  Biologically.  active  samples  should 
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be  stored  at  4*C  (Practices  O  3370)  and  the 
extraction  of  them  should  be  started  within  8 
h  if  possible . 

METHOD  A -WATER  SHAKE  EXTRACTION 
PROCEDURE 

6.  Scope 

6.1  This  method  covers  the  shaking  of  a 
known  weight  of  waste  with  water  of  specified 
composition  and  the  separation  of  the 
aqueous  phase  for  analysis. 

7.  Significance  and  Use 

7.1  This  method  is  intended  as  a  rapid 
means  of  obtaining  a  solution  for  evaluation 
of  the  extractable  materials  in  wastes.  It  may 
be  used  to  produce  solutions  for  the  estima¬ 
tion  of  the  relative  environmental  hazard  in¬ 
herent  in  the  teachings  from  the  waste. 

7.2  This  method  is  not  intended  to  produce 
solutions  to  be  used  as  a  basis  for  engineering 
design  of  disposal  sites. 

7.3  This  method  is  intended  to  determine 
collectively  the  immediate  surface  washing 
and  the  time-dependent  diffusion-controlled 
contributions  to  teachings  from  the  waste. 

7.4  It  is  intended  that  the  wastes  used  in 
this  test  shall  be  tested  in  the  physical  form  in 
which  they  will  be  discarded. 

8.  Apparatus 

5.1  Agitation  Equipment  —  Agitation 
equipment  of  any  type  that  will  produce  con¬ 
stant  movement  of  the  aqueous  phase  equiv¬ 
alent  to  that  of  a  reciprocating  platform 
shaker  operated  at  60  to  70  one-inch  (25- 
mnl  strokes  per  minute  without  incorpora¬ 
tion  of  air  is  suitable  Equipment  used  shall 
be  designed  for  continuous  operation  without 
heating  the  samples  being  agitated. 

8.2  Membrane  Filler  Assembly  -  A  hnrosil- 
:.-ate  glass  or  stainless  steel  funnel  with  a  flat, 
fritted  base  of  the  same  material  and  mem¬ 
brane  filters. 

8.3  Cuniamrrs  —  Round,  wide -mouth  bot¬ 
tles  of  composition  '.unable  to  the  nature  of 
the  waste  and  the  analyses  to  he  performed. 
One-gallon  (or  4-litre)  bottles  should  bo  used 
witn  7()0-g  samples  and  '/.-gal  (or  2-litre) 
bottles  wnh  350-g  samples.  Multiples  of  these 
sizes  may  lie  used  for  larger  samples.  These 
sizes  were  selected  to  establish  viable  ge¬ 


ometry  and  provide  that  the  sample  plus 
liquid  would  occupy  approximately  80  to  90 
%  of  the  container.  Bottles  must  have  a 
watertight  closure.  Containers  for  samples 
where  gases  may  be  released  should  be  pro¬ 
vided  with  a  venting  mechanism.  Containers 
should  be  cleaned  in  a  manner  consistent  with 
the  analyses  to  be  performed. 

9.  Reagents 

9.1  Test  Water  -  Reagent  water.  Type  IV. 
(Specification  D  1 193)  at  20  r  2*C. 

10.  Sampling 

10. 1  For  frec-flowine  particulate  wastes, 
obtain  a  sample  of  the  approximate  size  re¬ 
quired  in  the  test  by  quartering  the  sample 
(Section  5)  received  for  testing  on  an  im¬ 
permeable  sheet  of  glazed  paper,  oil  cloth,  or 
other  flexible  material  as  follows: 

10.1.1  Empty  the  sample  container  into 
the  center  of  the  sheet. 

10.1.2  Flatten  out  the  sample  gently  with 
a  suitable  straightedge  until  it  is  spread  uni¬ 
formly  to  a  depth  appropriate  to  its  particle 
size 

10.1.3  Remix  the  sample  by  lifting  a  cor¬ 
ner  of  the  sheet  and  drawing  it  across,  low- 
down.  to  the  opposite  corner  in  a  manner  that 
the  material  is  made  to  roll  over  and  over  and 
does  not  merely  slide  along  Continue  opera¬ 
tion  with  each  corner,  proceeding  in  a  clock¬ 
wise  direction.  Repeat  this  operation  ten 
times. 

10.1.4  Lift  all  four  corners  of  the  sheet 
towards  the  center  and  holding  all  four  cor¬ 
ners  together,  raise  the  entire  sheet  into  the 
air  to  form  a  pocket  for  the  sample. 

10.1.5  Repeat  Step  1 0.1 .2. 

10. 1 .6  With  a  straightedge  at  least  as  long 
as  the  flattened  mound  of  sample  (such  as  a 
ihm-cdgcd  yard  suck),  gently  divide  the  sam¬ 
ple  into  quarters.  An  effort  should  be  made 
to  avoid  using  pressure  on  the  straightedge 
sufficient  to  cause  damage  to  the  particles. 

10. 1 .7  Discard  alternate  quarters. 

I0.I.S  If  further  reduction  of  sample  size 

is  necessary,  repeat  Steps  10.1.3  through 
10.1  7  A  minimum  sample  size  of  350  g  is 
recommended  for  each  extraction.  Additional 
samples  should  be  provided  for  determination 
of  solids  content .  If  smaller  samples  arc  used 
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in  the  test,  report  this  fact. 

1 0.2  For  field-cored  wastes  or  castings  pro¬ 
duced  in  the  laboratory,  cut  a  representative 
vertical  section  weighing  approximately  350 
or  700  g  for  testing,  plus  samples  for  deter¬ 
mination  of  solids  content.  The  sample  should 
be  shaped  so  that  the  leaching  solution  will 
cover  the  material  to  be  tested. 

10.3  For  fluid  wastes,  mix  thoroughly  in  a 
manner  that  does  not  incorporate  air  to  assure 
uniformity  before  withdrawing  a  330  or  700-g 
sample  for  test.  Take  samples  for  determina¬ 
tion  of  solids  content  at  the  same  lime  as  the 
test  sample. 

11.  Procedure 

1 1 .1  Record  the  physical  description  of  the 
sample  to  be  tested  including  particle  size  so 
far  as  it  is  known . 

1 1 .2  Solids  Coniem  —  Determine  the  solids 
content  of  separate  portions  of  the  sample  as 
follows: 

1 1 .2.1  Dry  two  dishes  or  pans  of  size  suit¬ 
able  to  the  waste  being  tested  at  104  £  2*C. 
Cool  in  a  desiccator  and  weigh.  Record  the 
value  to  £  0.1  g. 

1 1.2.2  Put  an  appropriately  sized  portion 
of  sample  of  the  waste  to  be  tested  into  each 
pan.  The  weight  used  should  be  scaled  to  the 
physical  form  of  the  waste  tested.  Use  a 
minimum  of  30  g  hut  use  larger  samples 
where  particles  larger  than  10  mm  in  average 
diameter  are  being  tested.  Weigh.  Record  the 
weight  to  ~  0-1  g. 

11.2.3  Drv  18  £  2  h  at  104  £  2*C. 

1 1 .2.4  Cool  to  room  temperature  in  a  des¬ 
iccator  and  reweigh.  Record  the  weight  to  £ 

0.1  g. 

1 1  -3  Shake  Procedure  —  Weigh  or  tare  the 
containers  to  be  used  in  the  shake  test  to  I  g. 

114  Add  to  the  container  approximately 
700  g  of  waste  (Sections  7.4  and  10)  and 
determine  and  record  the  weight  of  sample 
used  to  I  g  If  weights  other  than  700  g  are 
uscu.  note  in  the  report. 

115  Add  to  the  container  a  volume  of  test 
water  (')  I)  equal  in  millilitres  to  four  times 
the  weisht  in  crams  ot  the  sample  used  in 
114 

I  I  b  Close  the  container  and  place  it  on 
the  agnation  equipment. 

11.7  AeitJtc  continuously  for  48  h  -  0.5  h 


at  20  £  2*C. 

11.8  Open  the  containers.  Observe  and 
record  any  changes  in  the  sample  and  leaching 
solution. 

11.9  Separate  the  bulk  of  the  aqueous 
phase  from  any  solid  or  nonaqueous  phases 
by  decantation,  centrifugation,  or  filtration 
through  filter  paper  as  appropriate.  Vacuum 
filter  the  aqueous  phase  through  a  0.45-ji.m 
membrane  filter.  For  oily  wastes  such  as  those 
from  API  separators,  use  a  8-^m  Tiller.  Re¬ 
tain  any  nonaqueous  liquid  separately. 

11.10  Transfer  the  filtrate  to  sample  bot¬ 
tles  of  a  size  such  that  the  entire  bottle  is 
filled.  Close  and  label.  Preserve  the  filtrate  in 
a  manner  consistent  with  the  chemical  analy¬ 
ses  to  be  performed. 

11.11  Analyze  the  filtrate  for  specific  con¬ 
stituents  or  properties  as  desired  using  appro¬ 
priate  ASTM  or  other  standard  methods. 
Where  nonaqueous  liquid  is  present,  analyze 
it  also. 

12.  Calculation 

12.1  Calculate  the  solids  content  of  the 
individual  samples  from  the  data  obtained  in 

11.2  as  follows: 

S  -  A/B 

where: 

A  m  weight  in  grams  of  sample  after  drying. 
B  *  original  weight  in  grams  of  sample,  and 
5  ■  solid  content,  g/g. 

Average  the  two  values  obtained.  Record  as 
the  solids  content. 

12.2  Analytical  results  obtained  and  re¬ 
ported  in  milligrams  per  litre  of  filtrate  may 
be  converted  to  milligrams  leached  per  gram 
of  dry  sample  as  follows: 


where: 

C  "  concentration  of  any  constituent  mea¬ 
sured.  mg/liire. 

5  *  solids  content,  g/i>  and 
L  x  constituent  leached  in  milligrams  per 
gram  of  dry  sample. 

13.  Report 

13.1  The  report  shall  include  the  follow¬ 
ing: 

Ij  1.1  Source  of  the  waste  and  sampling 
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information, 

13.1.2  Description  of  the  waste  including 
physical  characteristics  and  particle  size 

(HD. 

13.1.3  Solids  content  (11.2). 

13.1.4  Sample  weight  if  other  than  700  g, 

13.1.5  Results  of  specific  analyses  calcu¬ 
lated  in  appropriate  units  (12.2). 

13.1.6  Observation  of  changes  in  test  ma¬ 
terial  or  (caching  solution  recorded  in  11.8. 

14.  Precision 

14.1  The  precision  of  analysis  for  individ¬ 
ual  constituents  is  that  indicated  in  their  spe¬ 
cific  methods  of  analysis. 

14.2  The  precision  of  the  leaching  proce¬ 
dure  is  to  be  determined. 

.METHOD  B-ACID  SHAKE  EXTRACTION 
PROCEDURE 

15.  Scope 

15.1  This  method  covers  the  shaking  of  a 
known  weight  of  waste  with  an  acidic  buffer 
solution,  and  the  separation  of  the  aqueous 
phase  for  analysis. 

16.  Significance  and  Use 

16.1  This  method  is  intended  as  a  rapid 
means  of  obtaining  a  solution  for  evaluation 
of  the  extractable  materials  in  waste  under 
acidic  conditions.  It  may  be  used  to  produce 
solutions  for  the  estimation  of  the  relative 
environmental  hazard  inherent  in  the  teach¬ 
ings  from  the  waste. 

16.2  This  method  is  not  intended  to  pro¬ 
duce  solutions  to  be  used  as  a  basis  for 
engineering  design  of  disposal  sues. 

16.3  This  method  is  intended  to  determine 
collectively  ihe  immediate  surface  washing 
mil  the  time-dependent  dit  fusion-controlled 
contributions  to  leaching  from  waste. 

16.4  li  is  intended  that  the  wastes  used  in 
this  test  shall  be  tested  in  the  physical  form  in 
which  they  will  be  discarded. 


17.  Equipment 

17.1  Equipment  required  for  this  test  is 
described  in  Section  8. 

18.  Reagents 

18.1  Sodium  Acetate- Acetic  Acid  Buffer 
Solution  -  Dissolve  4.9  g  of  glacial  acetic  acid 
and  3.7  g  of  sodium  acetate  in  1  litre  of  water. 
Adjust  the  pH  to  4.5  2  0.1  by  the  dropwise 
addition  of  acetic  acid  or  sodium  hydroxide 
(40  g/litre)  as  required.  Solution  temperature 
should  be  20  -  2*C. 

19.  Sampling 

19.1  Directions  for  obtaining  a  represent¬ 
ative  sample  for  test  purposes  are  given  in 
Section  10. 

20.  Procedure 

20.1  Proceed  in  accordance  with  Section 
II.  using  the  sodium  acetate  buffer  solution 
(181)  in  place  of  water  in  1 1 .5. 

21.  Calculation 

21.1  Calculate  the  results  obtained  as  di¬ 
rected  in  Section  12.  The  results  of  specific 
analyses  should  be  corrected  by  subtraction  of 
the  blank  values  obtained  by  analyzing  the 
sodium  acetate  buffer  solution  used  as  the 
extractant. 

22.  Report 

22.1  Report  the  results  of  the  test  as  di¬ 
rected  in  Section  12. 

23.  Precision 

23.1  No  information  is  presently  available 
as  to  the  precision  of  the  analysis  of  specific 
constituents  in  this  test  solution.  Until  this  can 
be  done,  it  is  recommended  that  users  of  this 
test  check  the  applicability  of  their  chosen 
methous  of  detection  by  spiking  the  test  water 
before  using  these  methods  for  the  analysis  of 
the  filtrate  from  wastes. 

23.2  The  precision  of  the  leaching  proce¬ 
dure  is  to  be  determined. 
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EGLIN  AFB  TECHNOLOGY  ASSESSMENT  CRITERIA 
REVISED  MODEL  OF  JANUARY  1982 

WEIGHT 

CRITERIA  ASSESSMENT  FACTOR 


1. 

Development 

(a) 

1.0 

Status 

(b) 

0.6 

(c) 

0.3 

, 

(d) 

0.0 

2. 

Pollutant 

(a) 

1.0 

Removal 

(b) 

0.5 

Capability 

(c) 

0.0 

(d) 

0.5 

3. 

Capital  Cost 

(a) 

1.0 

(b) 

0.5 

(c) 

0.0 

(d) 

0.5 

4. 

Operating 

(a) 

1.0 

Cost 

(b) 

0.5 

(c) 

0.0 

(d) 

0.5 

5. 

Raw  Material 

(a) 

1.0 

Recovery 

(b) 

0.5 

(c) 

0.0 

(d) 

0.5 

6. 

Total  Dis¬ 

(a) 

1.0 

solved  Solids 

(b) 

0.7 

Impact 

(c) 

0.5 

(d) 

0.5 

7. 

Solids  Gen¬ 

(a) 

1.0 

eration 

(b) 

0.5 

<c) 

0.0 

(d) 

0.5 

8. 

Sludge  De¬ 

(a) 

1.0 

watering 

(b) 

0.5 

(c) 

0.0 

(d) 

0.5 

9. 

Sludge  Re¬ 

(a) 

1.0 

activity 

(b) 

0.0 

10. 

Sludge  Recovery 

(a) 

1.0 

Potential 

(b) 

0.7 

(c) 

0.4 

(d) 

0.0 

Commercialized  0.04 

Industrial  Demo 
Lab  Success 
No  Data 

Better  than  CTP  0.1 

Equal  to  CTP 
Inferior  to  CTP 
Undefined  or  Cond. 

Potentially  <  CTP  0.04 

Equal  to  CTP 
Potentially  >  CTP 
Undefined  or  Cond. 

Potentially  <  CTP  0.04 

Equal  to  CTP 
Potentially  >  CTP 
Undefined  or  Cond. 

Recovers  H2O  and 

Raw  Materials  0.04 

Recovers  H2O  or 

Raw  Materials 

No  Recovery 

Undefined  or  Cond. 


Decreases  TDS  0.04 

No  Effect  on  TDS 
Increases  TDS 
Undefined  or  Cond. 

Potentially  <  CTP  0.16 

Equal  to  CTP 
Potentially  >  CTP 
Undefined  or  Cond. 

Better  than  Hydrox  0.10 

Equal  to  Hydrox 
Inferior  to  Hydrox 
Undefined  or  Cond. 

Not  Reactive  0.10 

Reactive 

Immediate  0.10 

Minimal  Treatment 


Significant  Treatment 
No  Recovery 


YES/NO 

FACTOR 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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CHROMIUM  REDUCTION  PROCESSES 


CR6  RED-FE  ANODES 
FORMALIN 

CR6  RED-NABH4  RED 
CR6  RED-S02  OR  NAHS03 
CR6  RED-CEMENTATION 
CR6  RED-FES04 
CR6  RED-SULFIDE 
CR6  RED-ACT  CARBON 


<t>  CRt  RED- SO 2  OR  NAHS03 


• 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y  /N 

•  VALUE 

1 

DEVELOPMENT  STATUS 

1  0 

COMMERCIALIZED 

0  040 

YES 

0  04000 

2 

POLLUTANT  REMOVAL 

0  5 

EQUAL  TO  CTP 

0  100 

YES 

0  05000 

3 

CAPITAL  COST 

0 . 3 

EOUAL  TO  CTP 

-0.040 

YES 

0  02000 

4 

OPERATING  COST 

0  3 

EQUAL  TO  CTP 

.0  040 

YES 

0  02000 

3 

RAW  MATERIAL  REC 

0  0 

NO  REC 

0.040 

YES 

0  00000 

* 

TOS  IMPACT 

0 . 5 

INCREASES  TDS 

0  040 

YES 

0.02000 

7 

SOLIDS  GENERATION 

0 . 3 

EOUAL  TO  CTP 

0  .  1  SO 

YES 

0  07000 

a 

SLUDGE  DEWATER  INC 

0  3 

EOUAL  TO  HYDROX 

0  100 

YES 

0.03000 

7 

SLUDGE  REACTIVITY 

I  0 

NOT  REACTIVE 

0  100 

YES 

0  10000 

1  0 

RECOVERY  POTENTIAL 

0  4 

SIGN IF  TREATMENT 

.0  100 

YES 

004000 

1  1 

METAL  LEACHABILTY 

0  7 

EOUAL  TO  HYDROX 

0  040 

YES 

O  02100 

1  2 

OPERATIONAL  REQ 

0  7 

AUTO  CONT+SIMP  LAB 

0  180 

YES 

012*00 

TOTAL  0  58400 


(2)  CR*  RED-FE  ANODES 


• 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WE  I CHT 

Y/N 

•  VALUE 

I 

DEVELOPMENT  STATUS 

1  .  0 

COMMERCIALIZED 

0 .040 

YES 

0  04000 

2 

POLLUTANT  REMOVAL 

0  .  S 

EQUAL  TO  CTP 

0.100 

YES 

0 . 03000 

3 

CAPITAL  COST 

1  .  0 

POTEN.  <  CTP 

0.040 

YES 

0 . 04000 

4 

OPERATING  COST 

1  .  0 

POTEN  <  CTP 

0  040 

YES 

0 . 04000 

3 

RAW  MATERIAL  REC. 

0 . 0 

NO  REC 

0.040 

YES 

0  00000 

* 

TDS  IMPACT 

0 . 7 

NO  AFFECT  ON  TDS 

0  040 

YES 

0 .02000 

7 

SOLIDS  GENERATION 

1  .  0 

POTENICTP 

0  .  ISO 

YES 

0  1S000 

a 

SLUDGE  DEWATERING 

0.5 

EOUAL  TO  HYDROX 

0.100 

YES 

0 . 03000 

7 

SLUDGE  REACTIVITY 

1  .  0 

NOT  REACTIVE 

0.100 

YES 

0  10000 

IO 

RECOVERY  POTENTIAL 

0 . 4 

SIGNIF  TREATMENT 

0.100 

YES 

0 . 00000 

1 1 

METAL  LEACHABILTY 

0 . 7 

EQUAL  TO  HYDROX 

0 . 040 

YES 

0 . 02800 

12 

OPERATIONAL  REQ 

1  .  0 

TOTAL  AUTOMATION 

0  .  ISO 

YES 

0  1S000 

TOTAL  0.77*00 


(3)  CR*  RED-SULFIDE 


a 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WE  I CHT 

Y/N 

0  VALUE 

i 

DEVELOPMENT  STATUS 

0  .  « 

INDUSTRIAL  DEMO 

0.040 

YES 

0 .02400 

2 

POLLUTANT  REMOVAL 

0  5 

EQUAL  TO  CTP 

0  100 

YES 

0 . 03000 

3 

CAPITAL  COST 

0 . 0 

POTEN  >  CTP 

0  040 

YES 

0  00000 

4 

OPERATING  COST 

0 . 0 

POTEN  >  CTP 

0 .040 

YES 

0 . 00000 

3 

RAW  MATERIAL  REC 

0 . 0 

NO  REC 

0 . 040 

YES 

0 . 00000 

« 

TDS  IMPACT 

0 . 5 

INCREASES  TDS 

0 .040 

YES 

0 . 02000 

7 

SOLIDS  GENERATION 

0  5 

UNDEFINED  OR  COND 

0.180 

YES 

0 . 07000 

a 

SLUDGE  DEWATERING 

0  .  3 

EQUAL  TO  HYDROX 

0.100 

YES 

0 . 03000 

7 

SLUDGE  REACTIVITY 

1  .  0 

NOT  REACTIVE 

0.100 

YES 

0  .  10000 

1  0 

RECOVERY  POTENTIAL 

0 . 4 

SIGNIF  TREATMENT 

0.100 

YES 

0  04000 

1  1 

METAL  LEACHABILTY 

0  .  7 

EQUAL  TO  HYDROX 

0 . 040 

YES 

0  02800 

12 

OPERATIONAL  REQ 

0  4 

SIGNIF  LABOR  REQ 

0.180 

YES 

0.07200 

»  ■ 


TOTAL 


0.47400 


<4>  CR4  RED-ACT  CARBON 


• 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEICHT 

Y  /N 

»  VALUE 

1 

DEVELOPMENT  STATUS 

0  3 

LAB  SUCCESS 

0  040 

YES 

0.01200 

2 

POLLUTANT  REMOVAL 

0  0 

INFERIOR  TO  CTP 

0  100 

YES 

0  00000 

3 

CAPITAL  COST 

0  3 

UNDEFINED  OR  COND 

0  040 

YES 

0  02000 

4 

OPERATINC  COST 

0  3 

UNDEFINED  OR  COND 

0.040 

YES 

0  02000 

3 

RAW  MATERIAL  REC 

0  0 

NO  REC 

0  040 

YES 

0  00000 

4 

TDS  IMPACT 

0 . 7 

NO  AFFECT  ON  TDS 

0  040 

YES 

0  02  800 

7 

SOLIDS  GENERATION 

0  5 

UNDEFINED  OR  COND 

0  1  SO 

YES 

007000 

a 

SLUDGE  DEWATER  INC 

0 . 5 

UNKNOWN  OR  COND 

0  100 

YES 

003000 

* 

SLUDGE  REACTIVITY 

1  .  0 

NOT  REACTIVE 

0.100 

YES 

0  10000 

1  0 

RECOVERY  POTENTIAL 

0  4 

SIGNIF  TREATMENT 

0.100 

YES 

0  04000 

i  t 

METAL  LEACKABILTY 

0  .  7 

UNKNOWN  OR  COND 

0 . 040 

YES 

0.02800 

1  2 

OPERATIONAL  REQ 

0  4 

SIGNIF  LABOR  REQ 

0  1  SO 

YES 

007200 

TOTAL  0 . 44000 


<3>  CR4  RED-CEMENTATION 


• 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

a  VALUE 

1 

DEVELOPMENT  STATUS 

0  .  3 

LAB  SUCCESS 

0  040 

YES 

0  0  1200 

2 

POLLUTANT  REMOVAL 

0  3 

EQUAL  TO  CTP 

0.100 

YES 

0  03000 

3 

CAPITAL  COST 

0 . 0 

POTEN. >  CTP 

0.040 

YES 

0  .  00000 

4 

OPERATING  COST 

0 . 0 

POTEN  >  CTP 

0.040 

YES 

0 .00000 

3 

RAW  MATERIAL  REC 

0 . 0 

NO  REC 

0  040 

YES 

O  00000 

4 

TDS  IMPACT 

0 . 7 

NO  AFFECT  ON  TDS 

0.040 

YES 

0 .02000 

7 

SOLIDS  GENERATION 

0 . 3 

UNDEFINED  OR  COND 

0  1IO 

YES 

0 .07000 

S 

SLUDGE  DEWATERING 

0 . 3 

UNKNOWN  OR  COND 

0.100 

YES 

0 . 03000 

7 

SLUDGE  REACTIVITY 

1  0 

NOT  REACTIVE 

0.100 

YES 

0  .  10000 

10 

RECOVERY  POTENTIAL 

0 . 4 

SIGNIF  TREATMENT 

0.100 

YES 

0 . 04000 

l  I 

METAL  LEACHABILTY 

0 . 7 

UNKNOWN  OR  COND 

0.040 

YES 

0 .02000 

12 

OPERATIONAL  REQ 

0 . 7 

AUTO  CONT*3IMP  LAB 

o .  iao 

YES 

0  .  12400 

TOTAL  0.32400 


<4>  CR4  RED-NABH4  RED 


• 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEICHT 

Y/N 

•  VALUE 

1 

DEVELOPMENT  STATUS 

0 . 0 

NO  DATA 

0.040 

YES 

0  00000 

2 

POLLUTANT  REMOVAL 

0 . 3 

UNDEFINED  OR  COND 

0.100 

YES 

0 . 03000 

3 

CAPITAL  COST 

0  3 

UNDEFINED  OR  COND 

0  040 

YES 

0  02000 

4 

OPERATING  COST 

0 . 3 

UNDEFINED  OR  COND 

0 . 040 

YES 

0 . 02000 

3 

RAW  MATERIAL  REC. 

0 . 0 

NO  REC 

0 . 040 

YES 

0 .00000 

4 

TDS  IMPACT 

0 . 3 

INCREASES  TDS 

0 . 040 

YES 

0  02000 

7 

SOLIDS  GENERATION 

0 . 3 

EQUAL  TO  CTP 

0  .  1  B0 

YES 

0 . 07000 

a 

SLUDGE  DEWATERING 

0  .  3 

EQUAL  TO  HYDROS 

0.100 

YES 

0 . 03000 

7 

SLUDGE  REACTIVITY 

1  .  0 

NOT  REACTIVE 

0.100 

YES 

0 . 10000 

10 

RECOVERY  POTENTIAL 

1  .  0 

IMMEDIATE 

0.100 

YES 

0 . 10000 

1  1 

METAL  LEACHABILTY 

1  .  0 

LESS  THAN  HYDROS 

0.040 

YES 

0  04000 

1  2 

OPERATIONAL  REQ 

0  7 

AUTO  CONT*S IMP  LAB 

0.110 

YES 

0 . 12400 

TOTAL  0  41400 
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(7)  CR  6  RED- F  E  SO  4 


• 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1 

DEVELOPMENT  STATUS 

1  0 

COMMERCIALIZED 

0  040 

YES 

0  04000 

2 

POLLUTANT  REMOVAL 

0  S 

EQUAL  TO  CTP 

0.100 

YES 

0  OSOOO 

3 

CAPITAL  COST 

0  .  3 

EQUAL  TO  CTP 

0 .040 

YES 

0  02000 

4 

OPERATINC  COST 

1  0 

POTEN  <  CTP 

0.040 

YES 

0  04000 

3 

RAW  MATERIAL  REC 

0  0 

NO  REC 

0.040 

YES 

0 . 00000 

4 

TDS  IMPACT 

0  .  s 

INCREASES  TDS 

0.040 

YES 

0 . 02000 

7 

SOLIDS  GENERATION 

0  .  0 

POTEN  >  CTP 

0.180 

YES 

0  00000 

8 

SLUDGE  DEWATERINC 

0 . 5 

EQUAL  TO  HYDROX 

0  100 

YES 

0  .  OSOOO 

» 

SLUDGE  REACTIVITY 

1  .  0 

NOT  REACTIVE 

0.100 

YES 

0.10000 

1  0 

RECOVERY  POTENTIAL 

0 . 4 

SIGN1F  TREATMENT 

0  .1  00 

YES 

0  04000 

1  1 

METAL  LEACHABILTY 

0  .  7 

EQUAL  TO  HYDROX 

0  040 

YES 

0  02800 

1  2 

OPERATIONAL  REQ 

0  .  7 

AUTO  CONT ♦ S I MP  LAB 

0  180 

YES 

012400 

TOTAL 

0  5 1400 

<  8  > 

• 

FORMALIN 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEICHT 

Y/N 

•  VALUE 

1 

DEVELOPMENT  STATUS 

1  0 

COMMERCIALIZED 

0  040 

YES 

0  04000 

2 

POLLUTANT  REMOVAL 

0  S 

EQUAL  TO  CTP 

0.100 

YES 

0 . 03000 

3 

CAPITAL  COST 

1  .  0 

POTEN .  <  CTP 

0.040 

YES 

0  04000 

4 

OPERATING  COST 

0  .  s 

EQUAL  TO  CTP 

0.040 

YES 

0 .02000 

S 

RAW  MATERIAL  REC. 

0 . 0 

NO  REC 

0.040 

YES 

0 .00000 

4 

TDS  IMPACT 

1  0 

REDUCES  TDS 

0  040 

YES 

O  04000 

7 

SOLIDS  GENERATION 

0  .  s 

EQUAL  TO  CTP 

0.180 

YES 

0 . 07000 

8 

SLUDGE  DEWATERING 

0 . 3 

UNKNOWN  OR  COND 

0  100 

YES 

0  OSOOO 

7 

SLUDGE  REACTIVITY 

1  .  0 

NOT  REACTIVE 

0.100 

YES 

0  .  10000 

10 

RECOVERY  POTENTIAL 

0. 4 

SIGNIF  TREATMENT 

0.100 

YES 

0  04000 

11 

METAL  LEACHABILTY 

0 . 7 

EQUAL  TO  HYDROX 

0 .040 

YES 

0  02000 

12 

OPERATIONAL  REO 

0 . 7 

AUTO  CONTES  IMP  LAB 

0.180 

YES 

0 . 12400 

TOTAL 


o  i)ann 


CYANIDE  OXIDATION  PROCESSES 


CN  OXID-ELECTROLYTIC 
CN  OXID-ELECT+NACL 
CN  OX ID-OZONE 
CN  OXID-CL2 
CN  OXID-NAOCL 


.848 

.84 

.684 

.584 

.584 


CN  CXID-CL2 


» 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y  /N 

•  VALUE 

4 

DEVELOPMENT  STATUS 

1 

0 

COMMERCIALIZED 

0  04Q 

YES 

0  04000 

1 

POLLUTANT  REMOVAL 

0 

5 

EQUAL  TO  CTP 

0  1 00 

YES 

0  05000 

3 

CAPITAL  COST 

0 

5 

EQUAL  TO  CTP 

0  040 

YES 

0  02000 

4 

OPERATING  COST 

0 

5 

EQUAL  TO  CTP 

0  040 

YES 

0  02000 

S 

RAW  MATERIAL  REC 

0 

0 

NO  REC 

0.040 

YES 

0  00000 

0 

TO 3  IMPACT 

0 

5 

INCREASES  TDS 

0  040 

YES 

0  02000 

? 

SOLIDS  GENERATION 

0 

S 

EQUAL  TO  CTP 

0  1  to 

YES 

004000 

e 

SLUDGE  DEWATERING 

0 

5 

EQUAL  TO  HYOROX 

0  100 

YES 

0  osooo 

> 

SLUDGE  REACTIVITY 

1 

0 

NOT  REACTIVE 

0  100 

YES 

0  1 0000 

i  0 

RECOVERY  potentl 

0 

4 

SIGN1F  TREATMENT 

0  .  1  00 

YES 

0  04000 

1 1 

METAL  LEACHABILTY 

0 

7 

EQUAL  TO  HYDROX 

0  040 

YES 

0  02400 

1  2 

operatinal  req 

0 

7 

AUTO  CONT «  S l MP  LAB 

0  lit 

YES 

012400 

TOTAL 

0  $8400 

CN  OX  I D-NAOC L 


• 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

YIN 

•  VALUE 

1 

DEVELOPMENT  STATUS 

l  0 

COMMERCIALIZED 

0.040 

YES 

004000 

2 

POLLUTANT  REMOVAL 

0  S 

EQUAL  TO  CTP 

0  100 

YES 

0  OSOOO 

3 

CAPITAL  COST 

1  0 

POTEN  <  CTP 

0.040 

YES 

0  04000 

4 

OPERATING  COST 

0  0 

POTEN  >  CTP 

0  040 

YES 

0 . 00000 

S 

RAW  MATERIAL  REC 

0  0 

NO  REC 

0  040 

YES 

0  00000 

4 

TDS  IMPACT 

0  S 

INCREASES  TDS 

0  040 

YES 

0  02000 

7 

SOLIDS  GENERATION 

0  S 

EQUAL  TO  CTP 

0.180 

YES 

0  04000 

8 

SLUDGE  DEWATERING 

0  S 

EQUAL  TO  HYDROX 

0.100 

YES 

0 . OSOOO 

* 

SLUDCE  REACTIVITY 

1  0 

NOT  REACTIVE 

0  100 

YES 

0 . 1  0000 

10 

RECOVERY  POTENTL 

0  4 

SIGN IF  TREATMENT 

0  100 

YES 

0 .04000 

1  1 

METAL  LEACHABILTY 

0  7 

EQUAL  TO  HYDROX 

0  040 

YES 

0  02800 

1  2 

OPERATINAL  REO 

0  7 

AUTO  CO ATCVSIMP  LAB 

0.180 

YES 

0  .  12400 

TOTAL 

0  3  8  4  0  0 

<  3 

CN  OX  ID-OZONE 

• 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEICHT 

Y/N 

•  VALUE 

1 

DEVELOPMENT  STATUS 

1  0 

COMMERCIALIZED 

0.040 

YES 

0.04000 

2 

POLLUTANT  REMOVAL 

0  5 

EQUAL  TO  CTP 

0.100 

YES 

0 . osooo 

3 

CAPITAL  COST 

0  0 

POTEN  >  CTP 

0.040 

YES 

0  00000 

4 

OPERATING  COST 

1  0 

POTEN  <  CTP 

0  040 

YES 

0  04000 

S 

RAW  MATERIAL  REC 

0  0 

NO  REC 

0  040 

YES 

0  00000 

4 

TDS  IMPACT 

0  7 

NO  AFFECT  ON  TDS 

0  040 

YES 

0 . 02800 

7 

SOL  I OS  GENERATION 

0  S 

EQUAL  TO  CTP 

0  180 

YES 

0  04000 

8 

SLUDCE  DEWATERING 

I  0 

BETTER  THAN  HYDROX 

0  100 

YES 

0.10000 

4 

SLUDCE  REACTIVITY 

1  0 

NOT  REACTIVE 

0  100 

YES 

0 . 10000 

1  0 

RECOVERY  POTENTL 

0  7 

MINIMAL  TREATMENT 

0  100 

YES 

0  07000 

1  1 

METAL  LEACHABILTY 

1  0 

LESS  THAN  HYDROX 

0  040 

YES 

0  04000  1 

1  2 

OPERATINAL  REQ 

0  7 

AUTO  CONT»S IMP  LAB 

0  180 

YES 

0  12400 

0  48400 


CN  CX ID-ELECTROLYTIC 


lift! 


a 


i 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

i 

DEVELOPMENT  STATUS 

1  0 

COMMERCIALIZED 

0  040 

YES 

0  04000 

2 

POLLUTANT  REMOVAL 

0  .  s 

UNDEFINED  OR  COND 

0  100 

YES 

0  OSOOO 

3 

CAPITAL  COST 

0  .  0 

POTEN  >  CTP 

0  040 

YES 

0  00000 

4 

OPERATING  COST 

1  0 

POTEN  <  CTP 

0  040 

YES 

0  04000 

5 

KAV  MATERIAL  REC 

0  s 

RECOVER  H200R  RAW  MAT 

0,040 

YES 

0.01000 

6 

TDS  IMPACT 

0  7 

NO  AFFECT  ON  TDS 

0  0  4  0 

YES 

0 . 02800 

7 

SOLIDS  GENERATION 

1  0 

POTEN  <  CTP 

0  !  180 

YES 

0  18000 

8 

SLUDGE  DEWATERING 

1  0 

BETTER  THAN  HYDROX 

0  100 

YES 

0  10000 

9 

SLUDGE  REACTIVITY 

1  0 

NOT  REACTIVE 

0  100 

YES 

010000 

10 

RECOVERY  POTENTL 

0  V 

MINIMAL  TREATMENT 

0  100 

YES 

0  07000 

1  1 

METAL  LEACHABILTY 

1  0 

LESS  THAN  HYDROX 

0  040 

YES 

0  04000 

1  2 

OPERATINAL  REQ 

1  0 

TOTAL  AUTOMATION 

0  180 

YES 

018000 

084800 


CN  OX  1 D-EL ECT*NACL 


« 

FACTOR  NAME 

VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1 

DEVELOPMENT  STATUS 

1  0 

COMMERCIALIZED 

0  040 

YES 

0  04000 

2 

POLLUTANT  REMOVAL 

0  S 

EQUAL  TO  CTP 

0  100 

YES 

0  OSOOO 

3 

CAPITAL  COST 

0  0 

POTEN. >  CTP 

0  040 

YES 

000000 

4 

OPERATING  COST 

10 

POTEN  <  CTP 

0  040 

YES 

0 . 04000 

3 

RAW  MATERIAL  REC. 

0  3 

RECOVER  H200R  RAW  MAT 

0  040 

YES 

0  02000 

6 

TDS  IMPACT 

0  .  S 

INCREASES  TDS 

0  040 

YES 

0  02000 

7 

SOLIDS  GENERATION 

1  0 

POTEN < CTP 

0.180 

YES 

0  18000 

a 

SLUDGE  DEWATERING 

1  .  0 

BETTER  THAN  HYDROX 

0  100 

YES 

0 . 10000 

» 

SLUDGE  REACTIVITY 

1  0 

NOT  REACTIVE 

0.100 

YES 

0  10000 

10 

RECOVERY  POTENTL 

0 . 7 

MINIMAL  TREATMENT 

0  100 

YES 

0  07000 

1 1 

METAL  LEACHABILTY 

1  .  0 

LESS  THAN  HYDROX 

0 .040 

YES 

0  04000 

1  2 

OPERATINAL  REQ 

1  .  0 

TOTAL  AUTOMATION 

0. 180 

YES 

O  .  18000 

TOTAL 

0 . 84000 

METAL  REMOVAL  PROCESSES 


SODIUM  BOROHYDRIDE  PRECIP  .692 
OXIDE  PRECIP  BY  OZONE  (H202)  .629 
NAOH  PRECIP  .526 
ION  EXCH  +  BATCH  TMT  .506 
LIME  PRECIP  .411 
WATER  SOFTENING  .391 


(  1 )  LIME  PREC  I  P 


• 

FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y  /N 

•  VALUE 

1 

POLLUTANT  REMOVAL 

0  7 

EQUAL  TO  CTP 

0  0  4  0 

YES 

0  04200 

2 

SOLIDS  GENERATION 

0  5 

EQUAL  TO  CTP 

0  140 

YES 

0  07000 

3 

SLUDGE  VOLUME 

0  5 

EQUAL  TO  CTP 

0.070 

YES 

0  04500 

4 

SETTLINC/SEPARAT  CHA 

1  .  0 

COOD  BY  CLAR 

0  040 

YES 

0  04000 

5 

PERCEIVED  OEWATERA8I 

0  .  7 

MODERATE 

0  040 

YES 

0  02800 

4 

SLUDGE  LEACH AS  I L I TY 

0  5 

EQUAL  TO  HYDROX 

0  100 

YES 

0  05000 

7 

TEND  USE  XCESS  REAGE 

0 . 0 

LIKELY 

0  0*0 

YES 

0  00000 

8 

PROCESS  CONTROL 

0 . 5 

EQUAL  TO  CTP 

0  040 

YES 

002000 

9 

REACTION  TIME 

0  0 

SLOW 

0  050 

YES 

0  00000 

10 

SLUDGE  REC  POTENTIAL 

0  5 

SIC  TREAT 

0.080 

YES 

004000 

I  1 

RAW  MATL  RECOVERY 

0  .  0 

NO  RECOVERY 

0  080 

YES 

000000 

1  2 

SIMULT  CR«-4  RED 

0  0 

NO 

0  OSO 

YES 

000000 

13 

S1MULT  CN  OXIDATION 

0  0 

NO 

0  050 

YES 

000000 

14 

CAPITAL  COST  EST 

O  5 

EQUAL  TO  CTP 

0  020 

YES 

0  01000 

IS 

OPERATING  COST  EST 

0  S 

EQUAL  TO  CTP 

0  020 

YES 

0  01000 

1  4 

OPERATIONAL  REO 

0  .  7 

AUTO  CONTROL  *  SIMP  LABOR 

0  080 

YES 

0  05400 

TOTAL  0  41100 


(  2  >  NAOH  PREC IP 

•  FACTOR  NAME  VALUE  SELECTION  DESCRIPTION  WEIGHT  Y/N  •  VALUE 


1 

POLLUTANT  REMOVAL 

0 . 7 

EQUAf.  TO  CTP 

0  040 

YES 

0  04200 

2 

SOLIDS  GENERATION 

1  .  0 

LESS  THAN  CTP 

0  140 

YES 

0  .  14000 

3 

SLUDGE  VOLUME 

0  .  0 

GREATER  THAN  CTP 

0  070 

YES 

0  .  00000 

4 

SETTLING/SEPARAT  CHA 

0 . 7 

GOOD  BY  FILT 

0  040 

YES 

0  02800 

5 

PERCEIVED  DEWATERABI 

0 . 0 

POOR 

0 . 040 

YES 

0  00000 

4 

SLUDGE  LEACHAB I L ITY 

0  .  S 

CaUAC  TO  HYDROX 

0.  100 

YES 

0 . 05000 

7 

TEND  USE  XCESS  REAGE 

1  .  0 

UNLIKELY 

0 . 040 

YES 

0  04000 

8 

PROCESS  CONTROL 

1  .  0 

BETTER  THAN  CTP 

0 . 040 

YES 

0 . 04000 

7 

REACTION  TIME 

1  .  0 

RAPID 

0  OSO 

YES 

0 . 05000 

to 

SLUDGE  REC  POTENTIAL 

0  5 

SIG  TREAT 

0  080 

YES 

0  04000 

1 1 

RAW  MATL  RECOVERY 

0 . 0 

NO  RECOVERY 

0  .  OSO 

YES 

0  00000 

12 

SIMULT  CR  +  4  RED 

0 . 0 

NO 

0  .  OSO 

YES 

0  00000 

13 

SIMULT  CN  OXIDATION 

0 . 0 

NO 

0  050 

YES 

0 . 00000 

14 

CAPITAL  COST  EST 

0  S 

EQUAL  TO  CTP 

0  020 

YES 

0 .01000 

15 

OPERATING  COST  EST 

0  .  5 

EQUAL  TO  CTP 

0  020 

YES 

0  01000 

1  4 

OPERATIONAL  REQ 

0 . 7 

AUTO  CONTROL  ♦  SIMP  LABOR 

0.080 

YES 

0 . 05400 

TOTAL 


0 . 32400 


(3)  SODIUM  BOROHYDR IDE  PRECIP 


0 

FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

•  VALUE 

1 

POLLUTANT  REMOVAL 

0  7 

EQUAL  TO  CTP 

0  040 

YES 

0  04200 

tm 

SOLIDS  GENERATION 

1  .  0 

LESS  THAN  CTP 

0  140 

YES 

0  14000 

3 

SLUDGE  VOLUME 

0  S 

EQUAL  TO  CTP 

0  0*0 

YES 

0  04S00 

4 

SETTLINC/SEPARAT  CHA 

0  7 

GOOD  BY  F1LT 

0  040 

YES 

0  02800 

m 

j 

PERCEIVED  DEWATERABI 

1  0 

GOOD 

0  040 

YES 

0 . 04000 

4 

SLUDCE  LEACHAB I L ITY 

1  0 

LESS  THAN  HYDROX 

0  100 

YES 

0  10000 

7 

TEND  USE  XCESS  REACE 

1  0 

UNLIKELY 

0  040 

YES 

0  04000 

8 

PROCESS  CONTROL 

1  .  0 

BETTER  THAN  CTP 

0  040 

YES 

0  04000 

» 

REACTION  TIME 

0  .  S 

MODERATE 

0  OSO 

YES 

0  02500 

I  0 

SLUDGE  REC  POTENTIAL 

0 . 7 

MIN  TREAT 

0  080 

YES 

0 . 0S400 

1  1 

RAW  MATL  RECOVERY 

0  .  0 

NO  RECOVERY 

0  080 

YES 

000000 

12 

S1MULT  CR ♦ 4  RED 

1  .  0 

YES 

0  OSO 

YES 

0  03000 

1  3 

SIMULT  CN  OXIDATION 

0 . 0 

NO 

0  OSO 

YES 

0  00000 

1  4 

CAPITAL  COST  EST 

0  .  5 

EQUAL  TO  CTP 

0  020 

YES 

0  01000 

IS 

OPERATING  COST  EST 

0  0 

GREATER  THAN  CTP 

0  020 

YES 

0  00000 

14 

OPERATIONAL  REQ 

0  7 

AUTO  CONTROL  *  SIMP  LABOR 

O  OSO 

YES 

0  05400 

TOTAL  0.4*200 


(4)  OXIDE  PRECIP  BY  OZONE  (H202) 

«  FACTOR  NAME  VALUE  SELECTION  DESCRIPTION  WEIGHT  Y/N  t  VALUE 


1 

POLLUTANT  REMOVAL 

0 . 7 

EQUAL  TO  CTP 

0.040 

YES 

0  04200 

2 

SOLIDS  GENERATION 

1  0 

LESS  THAN  CTP 

0  140 

YES 

0  14000 

3 

SLUDGE  VOLUME 

0  5 

EQUAL  TO  CTP 

0  0*0 

YES 

0  0  4  S  0  0 

4 

SETTLING/SEPARAT  CHA 

0 . 7 

GOOD  BY  riLT 

0  040 

YES 

0  02800 

S 

PERCEIVED  DEWATERABI 

0  .  7 

MODERATE 

O  040 

YES 

0 . 02800 

4 

SLUDGE  LEACHAB I L ITY 

0  S 

EQUAL  TO  HYDROX 

0.100 

YES 

0  OSOOO 

7 

TEND  USE  XCESS  REAGE 

0 . 3 

POSSIBLE 

0  040 

YES 

0  03000 

8 

PROCESS  CONTROL 

1  .  0 

BETTER  THAN  CTP 

0  040 

YES 

0 . 04000 

* 

REACTION  TIME 

1  .  0 

RAPID 

0  OSO 

YES 

0  .  OSOOO 

to 

SLUDGE  REC  POTENTIAL 

0  5 

SIG  TREAT 

0  OSO 

YES 

0 . 04000 

1 1 

RAW  MATL  RECOVERY 

0 . 0 

NO  RECOVERY 

0  080 

YES 

0 . 00000 

12 

SIMULT  CR*4  RED 

0 . 0 

NO 

0  OSO 

YES 

0  00000 

13 

SIMULT  CN  OX I OAT I ON 

1  .  0 

YES 

0  OSO 

YES 

0  OSOOO 

1  4 

CAPITAL  COST  EST 

0 . 3 

EQUAL  TO  CTP 

0 . 020 

YES 

0  01000 

IS 

OPERATING  COST  EST 

1  .  0 

LESS  THAN  CTP 

0  020 

YES 

0 . 02000 

1  4 

OPERATIONAL  REQ 

0 . 7 

AUTO  CONTROL  *  SIMP  LABOR 

0 .080 

YES 

0 . 0S400 

TOTAL 


0 . 42*00 


<  3  >  WATER  SOFTEN  INC 


• 

FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEICHT 

Y  /N 

«  VALUE 

1 

POLLUTANT  REMOVAL 

0  7 

EQUAL  TO  CTP 

0  040 

YES 

0  04200 

2 

SOLIDS  GENERATION 

0 . 5 

EQUAL  TO  CTP 

0  140 

YES 

0  07000 

3 

SLUDCE  VOLUME 

0  3 

EQUAL  TO  CTP 

0  Of  0 

YES 

0  04300 

4 

SETTLING /SEPARAT  CHA 

1  .  0 

GOOD  BY  CLAR 

0  040 

YES 

0  04000 

3 

PERCEIVED  DEWATERABI 

0  7 

MODERATE 

0  040 

YES 

0  02800 

4 

SLUDCE  LEACHABI LITY 

0  5 

EQUAL  TO  HYDROX 

0  100 

YES 

0  03000 

7 

TEND  USE  XCESS  REAGE 

0  0 

LIKELY 

0  040 

YES 

0  00000 

8 

PROCESS  CONTROL 

0  3 

EQUAL  TO  CTP 

0  040 

YES 

002000 

♦ 

REACTION  TIME 

0  0 

SLOW 

0  030 

YES 

0  00000 

10 

SLUDCE  REC  POTENTIAL 

0  3 

SIC  TREAT 

0  080 

YES 

0  04000 

1 1 

RAW  MATL  RECOVER V 

0  0 

NO  RECOVERY 

0  080 

YES 

0  00000 

12 

SIMULT  CR+4  RED 

0 . 0 

NO 

0  030 

YES 

0  00000 

13 

SIMULT  CN  OXIDATION 

0 . 0 

NO 

0  030 

YES 

0  00000 

14 

CAPITAL  COST  EST 

0 . 0 

GREATER  THAN  CTP 

0  020 

YES 

0  00000 

13 

OPERATING  COST  EST 

0 . 0 

GREATER  THAN  CTP 

0  020 

YES 

0  00000 

14  OPERATIONAL  REQ  07 

TOTAL 

<  4  >  ION  EXCH  ♦  BATCH  TMT 

AUTO  CONTROL  *  SIMP  LABOR 

0  080 

YES 

0  03400 

0  39100 

• 

FACTOR  NAME  VALUE 

SELECTION  DESCRIPTION 

WEIGHT 

Y/N 

8  VALUE 

1 

POLLUTANT  REMOVAL 

0 . 7 

EQUAL  TO  CTP 

0.040 

YES 

0.04200 

2 

SOLIDS  GENERATION 

1  0 

LESS  THAN  CTP 

0  140 

YES 

0 . 14000 

3 

SLUDGE  VOLUME 

1  0 

LESS  THAN  CTP 

0.090 

YES 

0 . 09000 

4 

SETTLING /SEPARAT  CHA 

1  .  0 

GOOD  BY  CLAR 

0  040 

YES 

0 . 04000 

3 

PERCEIVED  DEWATERABI 

0 . 7 

MODERATE 

0 .040 

YES 

0 . 02800 

4 

SLUDCE  LEACHABI LITY 

0 . 3 

EQUAL  TO  HYDROX 

0  100 

YES 

0 . 03000 

7 

TEND  USE  XCESS  REAGE 

0 . 0 

LIKELY 

0.040 

YES 

0  00000 

■ 

PROCESS  CONTROL 

0 . 5 

EQUAL  TO  CTP 

0  040 

YES 

0 .02000 

* 

REACTION  TIME 

0 . 0 

SLOW 

0 . 030 

YES 

0 . 00000 

10 

SLUDGE  REC  POTENTIAL 

0 . 3 

SIC  TREAT 

0 . 080 

YES 

0  04000 

1 1 

RAW  MATL  RECOVERY 

0 . 0 

NO  RECOVERY 

O  .  080 

YES 

0 . 00000 

12 

SIMULT  CR*4  RED 

0  0 

NO 

0 . 030 

YES 

0 . 00000 

13 

SIMULT  CN  OXIDATION 

0 . 0 

NO 

0 . 030 

YES 

0 . 00000 

14 

CAPITAL  COST  EST 

0 . 0 

GREATER  THAN  CTP 

0  020 

YES 

0 .00000 

13 

OPERATING  COST  EST 

0  0 

GREATER  THAN  CTP 

0 .020 

YES 

0 . 00000 

14  OPERATIONAL  REQ 

TOTAL 

0 . 7 

AUTO  CONTROL  ♦  SIMP  LABOR 

0  080 

YES 

0 . 03400 

0 . 30400 

m 

(The  reverse  of  this  page  is  blank.) 


